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NEUMOCONIOSIS is a diseased state 

of the lungs brought on by the inhala- 
tion of dust in various occupations.! The 
term pneumonoconiosis was devised by 
Zenker? who described in detail the ana- 
tomical picture of the dusty lung. Gardner’ 
states, “To the pathologists who coined it, 
the term pneumoconiosis was useful to de- 
scribe all pulmonary reactions due to the 
inhalation of dust,” and “If it is to be re- 
tained, pneumoconiosis should be defined 
as a ‘condition’ of the lungs resulting from 
the inhalation of dust that may or may not 
be of clinical significance.” 

Silicosis is probably the most important 
clinical and pathological form of pneumo- 
coniosis, and the best definition of this is 
the one given by the Committee on Pneu- 
moconiosis of the American Public Health 
Association: ““A disease due to breathing 
air containing silica (SiO.), characterized 
anatomically by generalized fibrotic changes 
and the development of miliary nodulation 
in both lungs, and clinically by shortness of 
breath, decreased chest expansion, lessened 
capacity for work, absence of fever, in- 
creased susceptibility to tuberculosis (some 
or all of which symptoms may be present), 
and by characteristic X-ray findings.” To 


my knowledge this is the only definition of 
a disease which specifically designates a 
roentgenological examination as one of the 
essential or cardinal points required in the 
diagnosis. Carlo Leopoldo Visconti in 1871 
is credited with being the first to use the 
term silicosis to denote the pathological 
condition of the lungs as the result of the 
inhalation of silica. 

What are these “characteristic X-ray 
findings,” and how are they best shown? 

First, let us say that roentgenologic 
studies of the lungs afford a most accurate 
means of diagnosis and of following changes 
as they occur in the lungs of these patients. 
Secondly, I think one is safe in saying that 
it is impossible positively to diagnose sili- 
cosis without a roentgen examination of 
the lungs. Thirdly, one should not diagnose 
silicosis positively from the roentgenogram 
alone, with possibly the one exception of 
the typical film showing the characteristic 
discrete nodulation throughout both lung 
fields associated with a bilateral coalescent 
area of moderate dimensions in the central 
portion of the upper half of the lung fields. 

Burge® expressed this very well when on 
quoting the committee appointed by the 
American Public Health Association for the 


Presidential Address delivered at the opening of the Forty-second Annual Meeting of the American Roentgen Ray Society, 


Cincinnati, Ohio, Sept. 23-26, 1941. 
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purpose of studying the roentgenological 
appearance in silicosis he stated, ““Only the 
physician who has examined the subject, 
has obtained an occupational history of 
any adequate exposure to silica dust, and 
has before him a suitable roentgenogram of 
the chest, should make the diagnosis of 
silicosis. The roentgenologist not in posses- 
sion of these facts can merely state whether 
the shadows which he sees in the film are 
consistent with his diagnosis.”’ 

Let us consider the second of the above 
questions, “How are these characteristic 
findings best shown?” Assuming the pos- 
session of the proper physical equipment 
and technical knowledge, we feel that when 
possible stereoscopic films should be the 
choice. It might be necessary to make two 
or three pairs with different degrees of pene- 
tration or to use the Potter-Bucky dia- 
phragm to make clear the varying areas of 
density of tissue. At times, lateral and 
oblique projections must be added. A roent- 
genoscopic examination will disclose the 
amount of elasticity of the lungs, the move- 
ment of the diaphragm, and be of help in 
the selection of the amount of penetration 
necessary to make the correct exposure for 
the films. 

At the Conference on Silicosis, held at 
Saranac Lake, New York, in June, 1939, 
the members in attendance concluded that 
nodulation must be shown in the lung fields 
on the roentgenogram before one should 
diagnose silicosis. This would rule out the 
earlier first stage classification of silicosis 
based upon the always questionable finding 
of increased lung markings and increased 
density in the hila. This so-called “fibrotic 
stage” might be of value where serial films 
are made of employees in the dust hazard 
industries, but should not be used as a first 
stage classification of silicosis. 

Without attempting any pathological 
discussion, I will mention some of the more 
or less characteristic terms used in describ- 
ing the films of silicotic patients. 

Increased density of the hilum and trunk 
shadows and prominence of the linear 
markings are findings in many conditions 
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other than pneumoconiosis and are familiar 
to every roentgenologist. 

Discrete nodulation is the one essential] 
finding that must be shown to establish the 
diagnosis of silicosis. These nodules are 
small, rounded densities, which vary from 
2 to 6 mm. in diameter; they have sharply 
defined edges and are uniformly distributed 
throughout both lungs; they are first seen 
near the hilum, usually on the right side, 
but once they start forming they spread 
until they are uniformly and discretely 
placed throughout both lung fields, though 
less prominent in the bases and at the 
periphery. Pendergrass’ explains this very 
clearly when he states, ‘““Adequacy of lym- 
phatic flow and degree of respiratory mo- 
bility go hand in hand. Perhaps this might 
account for the frequency of upper lobe 
tuberculosis and for the mid-lung field 
changes of silicosis. Perhaps it might also 
account for the clear peripheral and para- 
cardial zones in the lung fields in patients 
with pronounced changes due to silicosis 
with quiescent infection.” 

Coalescent nodulation occurs when the 
nodules become more numerous in a fairly 
small area and the fibrous tissue between 
them becomes more evident. This causes in 
that area a definite haziness on the film, 
which varies in size from 1 to 3 inches 
vertically, and from 3 to 2 inches in depth. 
These areas are most commonly seen in the 
central portion of the upper lung fields, 
and are almost always bilateral and sym- 
metrically placed. 

Conglomerate masses are usually due to 
the merging of a number of these coalescent 
areas with the addition of fibrous tissue, 
into a dense area of larger size. They too are 
usually in the central and upper part of the 
lung fields, though they sometimes occupy 
the greater part of the upper two-thirds of 
one or both sides. Usually regular in out- 
line, they may at times appear quite irregu- 
lar. 

Emphysema is quite commonly seen in 
the older and more advanced cases. It be- 
gins usually in the costophrenic angles and 
progresses along the diaphragm until it may 
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occupy the lower one-fourth or one-third 
of the thoracic cage. It is almost always bi- 
lateral and symmetrical, though in the ex- 
treme cases there may be more lobules on 
one side than on the other. Smaller amounts 
of emphysema are at times seen in the 
lung fields surrounding coalescent or con- 
glomerate areas in the upper and mid sec- 
tions. 

Fibrous bands are common in the ad- 
vanced cases. They extend from the dense 
fibrous conglomerate mass in the upper 
lung area, and pass through the emphysem- 
atous region, causing tenting or peaking 
of the diaphragm where they are adherent. 

The acute or rapidly developing type of 
silicosis, fortunately rare, does occur. While 
this is more commonly seen in the workers 
in the alkaline abrasive soap manufacturing 
industries, it also occurs in the crushing of 
quartz ores as reported by McNally,* and 
has been described by Cole and Cole,® 
Ritterhoff,'"° Gardner, and others. The 
roentgen examination is of little help in 
the diagnosis of this type, as the disease 
may occur and be disabling within two or 
three years after the initial employment in 
the dust hazard, too early for the customary 
nodulation to form and be shown. It is 
more frequently seen in the young adult 
employed in an alkaline or almost pure, fine 
silica dust atmosphere. The films are hazy 
or look fogged, with only a moderate in- 
creased density in the hilum. On _ post- 
mortem examination, however, the lungs 
disclose gross numbers of microscopic dis- 
crete nodules, and have lost much of their 
elasticity, with definite increase of the 
fibrous tissue. These postmortem findings 
explain the marked haziness shown on the 
roentgenogram. 

Cardiac complications are rarely en- 
countered. Cor pulmonale is about the only 
recognized heart complication due to sili- 
cosis. This is naturally seen only when the 
elasticity of the lung tissue is almost nil, or 
in the advanced cases of fibrosis and con- 
glomerate masses with its associated high 
grade of emphysema. 

Complications shown in the roentgeno- 
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gram are confined to the lung. For some 
unexplainable reason, pulmonary tubercu- 
losis is more common and the mortality 
from it is greater in the silicotic than the 
general population. In fact, it is the most 
common cause of death among silicotic pa- 
tients. Pulmonary carcinoma may occur 
coincidentally with silicosis, but in only one 
section, among the cobalt miners in Ger- 
many, has there ever been shown a greater 
incidence of carcinoma of the lung in sili- 
cotics than among the general population. 

According to Gardner, Riddle, and Pier- 
pont," “The incidence of pneumonia or 
broncho-pneumonia is no more common, 
nor is the death rate any greater among the 
silicotic than in the general population.” 

With the advent of industrial compensa- 
tion in many states, a large number of the 
older employees are applying for permanent 
total disability claims and deservedly so. 
Many have advanced silicosis, usually com- 
plicated by pulmonary tuberculosis either 
active or, more commonly, of the chronic 
fibroid type. Others show the massive con- 
glomerate type with the associated emphy- 
sema, at times complicated by cor pul- 
monale. After a number of years spent in 
contacting these workers, respect for their 
stamina and integrity is greatly increased; 
many of these older employees continue to 
work long past the time when they should 
stop. Many, however, have only the simple, 
uncomplicated silicosis which in itself is 
not disabling. But they themselves are the 
victims of advancing age and at the end of 
many years of hard physical labor show the 
effects of its toll on the human body, all of 
which are not due to silicosis. These are real 
problems for the doctor, who, if he should 
be fortunate enough to have a series of 
roentgenograms for the individual cases ex- 
tending over a period of eight or ten years, 
will find them of great value in the correct 
analysis of these cases. 

The above described characteristic lung 
changes seen in the various stages of sili- 
cosis may occur either as silicosis simplex, 
with or without associated coalescent areas, 
or as the massive conglomerate fibrotic 
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type. With such a roentgenogram, a history 
of adequate injurious dust exposure and 
the associated customary physical findings, 
one usually has little difficulty in arriving 
at a correct diagnosis. 

Unfortunately, however, and especially 
in the advanced cases, infection is usually 
present and is most frequently tuberculous 
in type. This tuberculosis may be either 
active or of the chronic variety. The tuber- 
culosis may have been present before the 
silicosis occurred, or may have started sec- 
ondarily. In either instance the prognosis is 
bad, and in many cases, even though the 
patient has had an adequate exposure to 
silicon dioxide, it is quite difficult to tell 
whether or not silicosis is actually present, 
since the nodules are very difficult to find 
on the roentgenogram. 

I shall not attempt to describe all the 
various pathological changes shown with 
this combination of silicosis and pulmonary 
tuberculosis. They are even more varied in 
their picture than the single infection of 
pulmonary tuberculosis. In the less massive 
fibrotic type, when a sufficient exposure to 
silica has occurred, one can usually see the 
nodules discretely placed. When associated 
with the various typical lung changes seen 
in the tuberculous patient, the diagnosis is 
again relatively simple. The silicotic nodules 
are usually more uniformly distributed in 
both lungs, their size is from 2 to 6 mm. in 
diameter, and their edges are more sharply 
defined than the mottling seen in pul- 
monary tuberculosis. While one usually 
thinks of cavities as of tuberculous origin, 
they may occur in the silicotic lung totally 
free of tuberculous infection. It is usually 
less difficult in these questionable cases of 
combined infection to establish the diag- 
nosis of tuberculosis than that of silicosis, 
but there are a certain number of such 
cases where the sputum remains constantly 
negative to the tubercle bacilli, and a large 
number of postmortem lung sections must 
be examined before they can be demon- 
strated. 

In the follow-up work among employees 
of dust industries, serial films made every 
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six months or every year are more valuable 
than any other examination. They also 
make an invaluable record for comparison. 
If on any later film the number of the sili- 
cotic nodules has lessened, one can be sure 
that the diagnosis of silicosis was incorrect, 
as the nodules never disappear once estab- 
lished, though they may be clouded over 
by active infection or massive fibrotic tissue. 

In the differential diagnosis in the earlier 
or moderately advanced cases, many condi- 
tions must be considered, such as miliary 
tuberculosis, siderosis, the small metastatic 
malignant deposits especially from hyper- 
nephroma, many of the yeast fungi de- 
posits, Boeck’s sarcoid and sprue. In the 
more advanced cases one must consider 
pulmonary tuberculosis, cancer, emphy- 
sema, bronchiectasis, atelectasis and the 
lung changes which naturally occur in ad- 
vancing age (when not only is there more 
fibrous tissue but the lymphatics them- 
selves are normally more evident), and 
chronic cardiac disease with the usual 
accompanying arteriosclerosis and lung 
changes due to the decompensation. 

In conclusion, may I say, that while such 
physicians as R. R. Sayers and A. J. Lanza, 
with their large experience in all phases of 
this silicotic dust hazard, can with a great 
degree of certainty state that if given the 
number of years a worker has been em- 
ployed, and an accurate dust count of the 
air he has breathed with the size of the 
particles of silicon dioxide, or, if permitted 
to see a group of employees going to work 
walking up a moderate grade, they can 
quite accurately describe the pathology 
present in the thorax, I feel that most 
roentgenologists will have a much better 
average in the diagnosis of silicosis in the 
various stages, if we would adhere to the 
usual rules laid down for us, namely, that 
before a definite diagnosis of silicosis can 
be made one must have, besides the neces- 
sary roentgenograms of the chest: 

1. An accurate history of the patient’s 

employment during his working life. 

2. An accurate dust count made at the 

breathing level of the patient. 
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3, The percentage of silicon dioxide in 
the atmosphere he breathes and the 
size of the particles present in this 
count. 

The report of a careful medical his- 


tory and physical examination. 


From a roentgenological point of view 
the above remarks do not preclude the 
statement that what was seen on the films 
suggests the possibility of silicosis. Never- 
theless, I think it fair to conclude that it is 


not possible to make an accurate diagnosis 
of silicosis without a roentgen examination, 


nor should one make a positive diagnosis of. 


silicosis based only upon a roentgen ex- 
amination. 
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LINEAR SHADOWS IN THE LUNG 


(INTERLOBAR PLEURITIS, 


ATELECTASIS 


AND HEALED INFARCTION*) 


By FELIX FLEISCHNER, M.D., AUBREY O. HAMPTON, M.D., and 
BENJAMIN CASTLEMAN, M.D. 


BOSTON, MASSACHUSETTS 


| A previous paper a combined roent- 
genological and pathological method of 
postmortem examination of the lungs with 
special application to the study of pulmo- 
nary embolism and infarction was pre- 
sented.' In this work it was shown that in 
their healing and healed stages, infarcts 
produce linear shadows on the roentgeno- 
gram. This present paper deals with a more 
detailed study of these shadows, and in ad- 
dition two other conditions which produce 
similar linear shadows, i.e. plate-shaped 
foci of atelectasis and interlobar pleuritis, 
will be considered. 

In the usual routine postmortem exami- 
nation of the lungs, lesions that produce 
linear shadows on the roentgenogram will 
almost always be overlooked or if seen will 
not be removed for microscopic examina- 
tion for a more exact diagnosis. The pathol- 
ogist must know that a linear shadow was 
seen on the roentgenogram of the patient 
because, unless the lesion is very large and 
obvious, routine sections of the collapsed 
lung after removal from the body, even if 
done carefully, will not reveal the full ex- 
tent of the process. Unless forewarned, the 
pathologist might dismiss a localized pleu- 
ritis as merely the result of old tuberculosis 
and not realize that the fibrosis may extend 
into the parenchyma as a linear scar and be 
a healed infarct that produced a linear 
shadow on the roentgenogram. Unless fore- 
warned, the pathologist might not realize 
that the faint bluish focal atelectatic area 
seen on the surface of a lower lobe is part of 
a longer plate-like focus of atelectasis that 
had produced a linear shadow on the roent- 
genogram. It is therefore important for the 
roentgenologist to inform the pathologist to 
be on the look-out for these lesions when 


they are present on the roentgenogram. 
The incidence of these lesions will definitely 
be increased if routine postmortem tele- 
roentgenograms are taken prior to the au- 
topsy,+ because many patients may not 
have had antemortem roentgenograms and 
very often a plate-like focus of atelectais is 
agonal. It was only by this cooperative 
method of study that we have been able to 
understand the nature of these processes. 


INTERLOBULAR PLEURITIS 


The roentgenological appearance of inter- 
lobar pleurisy is well known and therefore 
a brief survey will suffice. The normal in- 
terlobar pleura is easily demonstrated on a 
roentgenogram as a thin linear shadow. The 
posteroanterior views show the septum be- 
tween the upper and middle lobes, and the 
lateral and oblique views demonstrate the 
fissure between the upper and lower lobes. 
Anomalous fissures, such as are produced 
by the azygos lobe in the right upper lung 
field and the cardiac lobe, are also seen in 
the posteroanterior views, even though 
they are normal. Fibrinous or small amounts 
of serous exudate in the interlobar space, 
as well as scarring or thickening of the 
pleura, results in an increase in the width 
of these linear shadows. Larger amounts of 
interlobar exudate are visualized as band or 
spindle-shaped shadows when they are pro- 
jected on edge. The diagnosis of these inter- 
lobar effusions presents no difficulties if 
both adjacent lobes are normal and well aer- 
ated. Lesions about the right middle lobe, 
however, have often been the source of er- 
roneous diagnoses. Recent studies of the 
appearance of collapse of the middle lobe 


7 The technique of taking postmortem teleroentgenograms was 
described in a previous paper.' 


* From the Departments of Roentgenology and Pathology, Massachusetts General Hospital, Boston. Read at the Fortieth Annual 


Meeting, American Roentgen Ray Society, Chicago, IIl., Sept. 19-22, 1939. 
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have resulted in a better understanding of 
these conditions and they have enabled us 
to distinguish a collapsed middle lobe from 
interlobar effusion.” A differential diagnosis 
between collapse of the middle lobe and an 
encapsulated interlobar effusion between 
the middle and lower lobes or middle and 
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PLATE-LIKE ATELECTASIS 
Plate-like or band-shaped roentgenolog- 
ical shadows (Figs. 14 and 24) have been 
observed for many years but it was only 
through the recent studies of one of us 
(Fleischner)*:*> that their atelectatic nature 
and pathological significance were revealed. 


Fic. 14. Postmortem examination. Plate-like foci of atelectasis. Note multiple transverse linear shadows at 
the right base and single transverse linear shadow at the apex of the heart. There is air beneath the 


diaphragm. 


Fic. 1B. Middle and upper lobes are drawn upwards to expose the anterior surface of the right lower lobe. 
The dark, broad, wave-like band extending across the base of the lower lobe represents the areas of atelecta- 
sis seen in Figure 1.4. On the fresh non-inflated specimen the dark band is represented as a smooth, glisten- 
ing, bluish-gray discoloration. Note the slight depression at the lateral margin of the lower lobe at the 
extremity of the band of discoloration. Although there is only one focus of atelectasis, it is projected on the 
roentgenogram as multiple lines because the atelectasis is not in one plane. 


upper lobes is sometimes difficult. It must 
be remembered that when the middle lobe 
collapses to form a band-shaped or slightly 
elliptical shadow it does not occupy the an- 
atomical location of an interlobar fissure. 
The shadow seen in the lateral view ends 
sharply at the lung root and there is com- 
pensatory emphysema above and below the 
collapsed lobe. This is in contrast to the lo- 
cation and gradual fading of the shadow to- 
gether with the increase in density of the 
surrounding lung, seen associated with in- 
terlobar disease. 


These horizontal dense lines are often seen 
in the lower lung fields and vary from barely 
visible thin lines to shadows of about § mm. 
in thickness. They are usually located about 
1 to 3.cm. above the dome of the diaphragm, 
but may be so low that they are seen only 
in the lateral view or through the gas bub- 
ble in the stomach. Only rarely are they 
seen in the upper lobes. They may be uni- 
lateral or bilateral, single or multiple, and 
although usually horizontal may occasion- 
ally be oblique. When seen in the extreme 
costophrenic angles as short lines, they may 
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Fic. 24. Postmortem examination. The dense horizontal linear shadows at the left base are due to atelectasis. 
Fic. 2B. The transverse defect in the inferior margin of the left upper lobe represents the shadow seen in 
Figure 2.4. The lungs have not been inflated. 

Fic. 2C. The left lung has been inflated by careful introduction of compressed air. Transverse defect seen in 
is now a deep wave-like fissure produced by atelectasis and this is its true appearance during life. 

Fic. 2D. Low power photomicrograph of an elastic tissue preparation through the atelectatic focus. Note 
sharp zone of atelectatic alveoli and the focal emphysema superiorly and inferiorly. 
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be interpreted as pleural adhesions or 
small amounts of fluid. Band-shaped foci of 
atelectasis always extend to a pleural sur- 
face. They may extend to the medial or the 
lateral chest wall, but they do not cross in- 
terlobar fissures. The two-dimensional char- 
acter of the lesion is demonstrated by the 
disappearance of the shadow when the pa- 
tient is bent forward or backward or by its 
persistence when the patient is rotated. 
Since the transverse segments of collapsed 
lung tissue are not in the same plane, the 
shadow is often composed of multiple lines 
and these can be varied by shifting the po- 
sition of the patient or the tube. During 
respiration these lines move upward and 
downward independent of the lateral chest 
wall, thus showing the absence of pleural ad- 
hesions. It is obvious that roentgenoscopy 
is of considerable value in the diagnosis. 
In the case of pure atelectasis the shad- 
ows are normally well defined but may be- 
come fuzzy if additional pneumonitis is 
present. When the surrounding lung is clear 
of disease, localized emphysema is apparent 
above and below the lesion. 

The gross pathological appearance of 
these foci of atelectasis is characteristic. It 
is helpful to examine the lung in situ, pref- 
erably with the trachea tied before the pleu- 
ral cavities are opened, so that the plate-like 
atelectasis will be conspicuous and its exact 
location determined. Even after the lungs 
are removed and with the trachea open, the 
atelectatic area will be easily seen. It pre- 
sents itself on the pleura as a grayish-blue, 
depressed, horizontal, linear band of non- 
aerated or only slightly aerated lung (Figs. 
1Band 2B). Itisabout 0.5 to 2 cm. in width 
in the deflated specimen (lung after re- 
moval from the body) and usually traverses 
the whole width of that surface of the lobe 
involved. When the lung is inflated (injec- 
tion of formalin by gravity through the 
trachea), the focus of atelectasis usually 
does not re-expand so that the expansion of 
the alveoli above and below it produces a 
cleft in the atelectatic area (Fig. 2C). Two 
factors are responsible for this phenome- 
non. The surface tension of the collapsed 
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alveoli is probably too great to allow sepa- 
ration of the alveolar walls, and secondly 
the regional bronchus may be filled with a 
mucous secretion preventing inflow of fluid. 
In some cases where the atelectasis is not 
complete, reinflation of the specimen may 
partially re-expand the atelectatic area. 

Microscopic examination demonstrates 
completely or partially atelectatic flattened 
alveoli, without any destruction of alveolar 
walls (Fig. 2D). The atelectatic alveoli are 
arranged so that their walls are parallel to 
the horizontal cross section of the body. 
This is evidence that the flattening process 
has been in the cranio-caudad direction, a 
fact which will be further developed in the 
discussion of the pathogenesis of this condi- 
tion. The parenchyma above and below the 
lesion usually shows focal compensatory 
emphysema to allow for spatial readjust- 
ment within the lung. The emphysematous 
alveoli show some flattening, the long axis 
of the alveoli being in the same cranio-cau- 
dad direction. 

The pathogenesis and mechanism of 
plate-like atelectasis have been previously 
discussed by one of us (Fleischner)* 45 but 
the added pathological verification of the 
cases reported here warrants further ex- 
planation and even repetition. This condi- 
tion is always secondary to other patholog- 
ical processes that interfere with respira- 
tion. Often it is an inflammatory process in 
the abdomen, especially in the subphrenic 
regions, which interferes with the diaphrag- 
matic action and produces decreased respi- 
ration on the side involved. Occasionally 
the appearance of a plate-like focus of ate- 
lectasis is the first evidence of disease below 
the diaphragm and may give the clue as to 
which side is involved and where to oper- 
ate. The pain during respiration in cases of 
chest wall trauma, pleurisy or a pulmonary 
infarct may decrease respiration and em- 
barrass the ventilation on the affected side, 
cause retention of the bronchial secretions, 
produce bronchial obstruction, and finally 
atelectasis. The bronchial obstruction that 
is produced must of necessity be in the more 
easily obstructed smaller bronchi. A large 
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bronchus could not be obstructed so easily. 
At first the atelectasis is conical in shape 
and surrounds the involved bronchus but 
very soon it assumes a horizontal plate-like 
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not recoil from the chest wall laterally, pos- 
teriorly or anteriorly. The only possible di- 
rection remaining for atelectasis to occur is 
in the cephalo-caudad, and this action is fa- 


shape because any degree of collapse can 
occur only in the cranio-caudal direction. 
Retraction of the pleural margin is not pos- 
sible in the horizontal direction because of 
the fixation of the bronchus to the medias- 
tinum medially and because the lung can- 


Fic. 34. Healed infarct. Drawing of the right 


lung showing horizontal fibrous pseudo- 
septum across lower lobe. The lower cross 
section drawing shows fibrous band extend- 
ing from pleural tab into lung. 


Fic. 3B. Photomicrograph through pleural tab 


showing the marked fibrosis in the healed 
infarct. Note the organized and canalized 
vessel just proximal to the infarct. An elastic 
tissue stain demonstrated elastic fibrils 
throughout this lesion. 


Fic. 3C. Roentgenogram a short time prior to 


death showing the linear shadow which cor- 
responds to the gross pathological specimen. 
Arrow points to retraction of the pleural 
margin opposite the dense line. 


cilitated by the diaphragmatic excursion 
which is regularly impaired, as has been 
shown by kymography (Sousa)*. 

This explanation of the pathogenesis is 
supported by the three pathological findings 
mentioned above in horizontal plate-like 
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foci of atelectasis: (1) the elastic fibers in 
the collapsed zone in horizontal arrange- 
ment parallel to the horizontal extension of 
the atelectatic focus, (2) the presence of 
compensatory emphysema in the adjacent 
parenchyma in which the alveoli are ellip- 
tical with their long diameters perpendicu- 
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cardiac or mesial margin of the area of con- 
solidation was sharp in outline and convex 
or “hump-shaped.” A correlation of the 
roentgen shadows with the gross and path- 
ological findings was presented and it was 
demonstrated that an infarct undergoes a 
definite cycle, beginning as an acute hemor- 


Fic. 44. The sharp, dense, oblique line extending upward and laterally from the diaphragm represents the 
lateral margin of a healing infarct of the middle lobe. The mottled density medial to this line represents 
consolidation and incomplete aeration due to the infarct. Interlobar fissure is faintly visible above as a 
horizontal line. Middle lobe is markedly reduced in size. 

Fic. 4B. Artist’s drawing of the lateral aspect of the middle lobe and fissure between upper and lower lobes 
of Figure 4.4. The retraction of the middle lobe is apparent, leaving a sulcus where there is a pleural tab. 
The dark inferolateral margin of the middle lobe represents the healing infarct. 


lar to the atelectatic plate, and finally 
3) the presence of secretions in the regional 
bronchus producing obstruction. 


HEALED PULMONARY INFARCTS 


In the previous paper! it was shown that 
bland pulmonary infarcts are always in 
contact with one or more pleural surfaces, 
that their longest axis is parallel to the 
pleura, and that the shape of the infarct 
corresponds to the shape of the lung in- 
volved. It was further pointed out that the 


rhagic lesion, passing through a healing 
stage and finally ending in a scar. The roent- 
genological appearance of this cycle is well 
illustrated in a recent paper by K. S. 
Smith.’ In the acute stage an infarct is only 
fairly sharp in outline but later as it reduces 
in size it becomes sharper and smaller. It is 
at the healing and healed states that the in- 
farct may produce a sharp dense line and 
be mistaken for plate-like atelectasis or 
interlobar pleuritis. These linear shadows 
produced by infarcts are not confusing if 
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Fic. 5. Multiple linear shadows at the left base in a 
patient with typical history of multiple pulmonary 
infarcts. Examination three weeks after last attack. 
Note the nodular shadow at the axillary line at the 
extremity of two of the dense lines. This nodular 
shadow can often be demonstrated in the healing 
stage of an infarct. 


follow-up examinations have been done 
during the time of their formation. The 
characteristic picture (Figs. 3 to 7) is that 
of a dense single line running in almost any 
direction but always reaching the pleural 
surface, where it often ends at a nodular 
rounded shadow. This nodular mound-like 
shadow (Fig. 5) lies flat against the pleural 
surface and its center is convex towards the 
linear shadow. There may be a V-shaped 
thickening of the pleura or retraction of the 
pleural surface instead of the mound-like 
shadow. The majority of healed infarcts oc- 
cur in the lower lobes and the linear shad- 
ows may be parallel to interlobar fissures 
or perpendicular to any pleural surface. 


Fic. 64. Multiple infarcts in an ambulatory patient with phlebitis of sixteen years’ duration. Chief com- 
plaint—dyspnea on exertion. No pain or hemoptysis. Picture simulates cancer. There is a healed infarct 
in the lung at the apex of the heart. 

Fic. 6B. The right base of the same patient as Figure 64 six months later. He has had ligation of the deep 
veins of the leg and intra-abdominal ligation of the deep pelvic veins. Following the first operation he had 
definite clinical signs of pulmonary infarcts for the first time. This was followed by pleural effusion. At pres- 
ent he has no respiratory symptoms. Note numerous dense lines running in all directions at the site of the 
previous areas of consolidation. There are probably two areas of consolidation remaining, but all the other 
infarcts are represented only by sharp dense lines. 
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The lung is usually reduced in size due to 
the scarring, especialiy if multiple large in- 
farcts have been present. These shadows 
are usually in one plane and therefore each 
projects only as one line. They may vary 
from 1 to 10 cm. in length and may be sin- 
gle or multiple. A more complete study of 
the microscopic pathology of healed in- 


Linear Shadows in the Lung 


Fic. 


Fic. 74. Postmortem examination. The 
oblique dense line tangent to apex of 
heart is a healed infarct. 

Fic. 7B. Photograph of the healed infarct 
shown in Figure 74. Note the charac- 

teristic pleural dimpling. 


Low power photomicrograph 
through a portion of the healed in- 
farct, showing alveolar wall destruction 
and haphazard and tangled arrange- 
ment of the residual elastic fibrils 
(stained black). Note the organized 
embolus contiguous to the infarct. 


farcts has been recently published by one 
of us (B. C.).° 


DIFFERENTIAL DIAGNOSIS 


The differential diagnosis of linear and 
band-shaped shadows in the lungs must in- 
clude interlobar pleurisy, atelectasis, healed 
infarcts and the scarring of old destructive 
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infections. The clinical histories in cases of 
interlobar pleurisy, infarct, atelectasis and 
scarring in the lungs are often similar 
enough to make it impossible to use clinical 
data alone in differential diagnosis. Fur- 
thermore, there is an intimate histologic and 
pathologic relationship. For example, an in- 
farct may produce pleurisy, atelectasis and 
scarring; pleurisy may produce atelectasis 
and interlobar scarring; persistent atelec- 
tasis may become infected secondarily and 
these subsequent inflammatory changes 
may produce pleurisy or fibrosis. It must be 
remembered that interlobar pleuritis and 
plate-like atelectasis are much more com- 
mon than healed infarcts. 

Interlobar pleurisy can usually be readily 
differentiated from healed infarcts or plate- 
shaped atelectasis if the anatomical loca- 
tion of the linear shadow corresponds to the 
position of the interlobar fissure. It may 
present as a long line of equal thickness cor- 
responding to the length of the fissure but 
it is usually associated with other evidence 
of pleurisy such as fluid or pleural thicken- 
ing near it. Although infarcts frequently 
are adjacent to the interlobar pleura, they 
are seen as a more nodular unilaterally 
placed shadow near the thin line of the 
readily recognized interlobar fissure. Plate- 
like atelectasis does not occur in the loca- 
tion of interlobar fissures. If the linear 
shadow is perpendicular to one of the inter- 
lobar fissures, interlobar pleurisy is readily 
ruled out and the differential diagnosis lies 
between healed infarct and plate-shaped 
atelectasis. 

Healed infarcts and plate-like atelectasis, 
although often difficult to. differentiate, 
may show the following features: the shad- 
ows of infarcts (Figs. 3 to 7) are usually 
shorter than atelectasis; are in a single 
plane, each infarct producing one line; may 
end in nodular extremities and may run in 
any direction. The plate-like foci of atelec- 
tasis (Figs. 1/4 and 2) are usually long; trav- 
erse the entire portion of the lung in- 
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volved, extending from one pleural surface 
to another; are often multiple; occur in dif- 
ferent planes, one focus producing multiple 
closely placed, nearly parallel lines;. and 
show no nodular irregularities. In atelecta- 
sis the pleura may show a V-shaped retrac- 
tion but there is usually no regional thick- 
ening. Other important differences between 
these two lesions are: (1) the linear shadow 
of plate-like atelectasis usually disappears 
within a few days, whereas that of a healed 
infarct persists; (2) the diaphragmagic ex- 
cursion is nearly always limited in“plate- 
like atelectasis, but this feature is rare in a 
healed infarct; (3) although both atelectasis 
and infarction occur predominantly in the 
lower portions of the lungs, infarcts unlike 
atelectasis are not uncommon in the upper 
lung fields. 
SUMMARY 


A detailed study, including differential 
diagnosis and pathological Confirmation of 
the linear roentgen shadows caused by in- 
terlobar pleuritis, plate-like atelectasis and 
healed infarction, is presented. 
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FUNNEL CHEST DEFORMITY AND ITS RECOGNITION 
IN POSTEROANTERIOR ROENTGENOGRAMS 


OF THE THORAX* 


By LESTER W. PAUL, M.D., and M. R. RICHTER, M.D.+ 


MADISON, WISCONSIN 


HE deformity of the sternum and 

thorax known variously as funnel chest, 
Trichterbrust, pectus excavatum, koiloster- 
nia, chone-chondrosternon, etc., has been 
studied extensively from the clinical and 
surgical aspects, and a number of recent 
publications have described this condition 
so thoroughly that these phases of the sub- 
ject will only be treated briefly in this 
The review by Ochs- 
ner and DeBakey’ is recommended particu- 
larly to those who may be interested in a 
comprehensive survey. The deformity is 
recognized readily on clinical examination 
and in lateral roentgenograms of the thorax. 
The changes produced in the posteroante- 
rior roentgenogram are apparently not so 
well known. 

Our purpose is to describe the typical 
frontal silhouette of the chest produced by 
funnel chest deformity and we believe it can 
be recognized in the majority of instances 
in the frontal projection alone. Briefly, this 
deformity consists in an oval or funnel 
shaped depression of the body of the ster- 
num and its adjacent costal cartilages. The 
depression involves the body below its junc- 
tion with the manubrium. As a result an 
angulation is formed between the costal 
cartilages and ribs, and the sternum usually 
rotates somewhat on its long axis so that 
the anterior surface faces toward the right 
side, although the opposite may be true. 
The depth of the depression varies con- 
siderably with a corresponding variation 
in the vertebrosternal diameter which may 
be narrowed to only a few centimeters. This 
results in considerable distortion and dis- 
placement of the mediastinal structures. 
The heart is usually displaced to the left 
and rotated on its longitudinal axis. Ab- 
sence of such cardiac displacement has. been 


ascribed to the presence of mediastinal ad- 
hesions. The mediastinal pleural space be- 
comes increased in width as a result of the 
depressed anterior thoracic wall, causing a 


Fic. 1. Typical frontal silhouette of the chest in the 
presence of well defined depression of the sternum. 
Sharp downward slanting of the ribs, displacement 
of the heart to the left with indistinctness of the 
right border and diffuse cloudiness of the medial 
lower right lung field are demonstrated. 


transverse compression of the lungs on both 
sides. Because of the more caudal position 
of the diaphragm the vertical diameter of 
the lungs is increased. The esophagus may 
be compressed. 

The clinical manifestations of funnel 
chest have been of particular interest to’ 
clinicians and surgeons. It is generally 
agreed that in the majority of cases there 
have been few or no symptoms. These, 
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when present, are usually referable to the 
cardiovascular system and consist in pre- 
cordial pain, palpitation and dyspnea. 
Cases of this type have been reported and 
attempts at correction of the deformity 
have been described by a number of sur- 
geons. Most cases of funnel chest deformity 
are congenital in origin and frequently in- 
herited. Among the causes listed in the ac- 
quired group are rickets and trauma. 

The roentgenologist’s interest in this 
condition lies in its detection on roentgen 
examination of the chest and a recognition 
of the distortion and displacement phenom- 
ena which may be produced. The diagno- 
sis is readily made on physical examination 
and in lateral roentgenograms of the chest. 
However, even though the depression of 
the sternum cannot be seen in the frontal 
projection, the changes in the rest of the 
bony thorax and in the lungs and medias- 
tinal structures make it possible to recog- 
nize it even when roentgen examination is 
confined to the posteroanterior view. Al- 
though good roentgen practice may call for 
roentgenoscopic examination and lateral 
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views in the routine study of the chest, this 
is not always possible, especially in mass 
surveys. Of greater importance than recog- 
nition of the deformity is the fact that the 
displacement and compression changes may 
be misinterpreted as evidence of medias- 
tinal or pulmonary disease unless one js 
familiar with the clinical aspects of the 
case. 

Seven cases of this deformity have been 
studied roentgenologically and the follow- 
ing features as seen in the frontal projection 
of the chest are considered of value in its 
recognition: 

(1) Sharp downward slanting of the an- 
terior arcs of the ribs. In addition to the 
slant, the ribs, anteriorly, are usually 
straight. The degree of slant varies with 
the severity of the depression. 

(2) Displacement of the cardiac shadow 
to the left with a tendency toward mitrali- 
zation of its:contour. This has been de- 
scribed previously.!* 

(3) Indistinct right heart border which 
becomes lost in the shadow of the spine. 
Even when not displaced, the right border 


Fic. 2. Moderate funnel chest deformity. 4, posteroanterior view shows downward slanting of the anterior 
segments of the ribs, displacement of the heart to the left and cloudy right lung base with obliteration of 
right heart border. B, lateral view of same patient. The distance from the ensiform to the nearest dorsal 


vertebra is 8.5 cm. 
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Fic. 3. 4, posteroanterior and B, lateral views of another patient with a more severe funnel chest deformity . 
The heart shows a tendency toward a mitral silhouette. The cloudiness of the right medial lung base and 
indistinctness of the right cardiac border are illustrated. 


is dificult to see due to compression of the 
adjacent lung. 

(4) Decreased density of the heart shad- 
ow with corresponding increased visibility 
of the spine.® 

(5) Cloudiness of the, medial aspect of 
the right lung base. This is due to the in- 
creased mediastinal pleural space and to 
compression of the lung as a result of the 
depressed sternum. This may be sufficient 
to suggest atelectasis, pleural thickening or 
inflammatory consolidation. In the pres- 
ence of the other findings listed, such 
cloudiness or lack of aeration at the right 
medial base should not be interpreted as 
evidence of disease unless examination of 
the patient or lateral views of the chest 
show no depression of the sternum. 

SUMMARY 

The clinical and anatomical aspects of 
funnel chest deformity have been described 
briefly. Attention is called to a number of 
changes which allow its recognition in the 
frontal projection of the chest, a necessity 
when examination is confined to this view, 


as is common in mass surveys. Of particular 
importance is the fact that the loss of aera- 
tion commonly present in the right medial 
base may be confused with such pathologi- 
cal conditions as atelectasis, pleural thick- 
ening, chronic inflammatory disease or 
consolidation. A recognition of the medias- 
tinal displacement phenomena and the 
changed contour of the anterior arcs of the 
ribs will help to prevent such misinterpre- 
tation. 
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FHE ROENTGENOLOGICAL STUDY OF ACUTE 
INFECTIONS IN THE RESPIRATORY 
TRACT OF CHILDREN 


By JOHN S. BOUSLOG, M.D. 
DENVER, COLORADO 


| ey the past twenty years Dr. W. W. 
Wasson and I have been studying the 
sinuses and chests in children. We have 
come to the conclusion that the respiratory 
tract undergoes a progression of changes 
from birth to adult life as a result of normal 
growth and environment. Disease produces 
certain changes in these structures. These 
changes are often characteristic for each 
specific disease. 

In the past fifteen years there has been a 
growing realization among medical men 
that many of the chronic and subacute dis- 
eases of the chest are dependent upon 
chronic or subacute infection of the nasal 
accessory sinuses. But I feel, even now, 
that there are comparatively few physi- 
cians who know how constant is this rela- 
tionship. I believe that a large percentage 
of all cases of chronic tracheobronchitis, 
bronchitis, bronchiectasis, and peribronchi- 
tis are directly associated with some type 
of chronic sinus disease. Even when the 
lung disease occurs as a sequela of measles, 
whooping cough, scarlet fever, or influenza, 
it is probable that a sinus or mastoid dis- 
ease exists in those patients when the trou- 
ble in the chest persists and is resistant to 
measures of relief directed to the chest it- 
self. 

In considerations of the respiratory tract, 
some have been accustomed to make fre- 
quent reference to the upper respiratory 
tract and the lower respiratory tract. It 
seems to me that some additional classifi- 
cation and nomenclature are required for a 
complete understanding and appreciation 
of the various interdependent and inter- 
related diseases that occur so frequently in 
the different divisions of the respiratory 
tract. It is impossible to dissociate one part 
of the respiratory tract from the other. The 
air passages are thought of as beginning at 


the vestibule of the nose and terminating in 
the pulmonary alveoli. Between these two 
points the tract is divided into anatomical 
and physiological divisions. The upper re- 
spiratory tract is considered as the nose, 
accessory sinuses, and pharynx. The mas- 
toids are not mentioned by any authors, 
but I think they should be included in this 
tract. They do not directly aid in the prepa- 
ration of the air for the lungs, but there is 
direct communication through the eusta- 
chian tube. Infection may reach the ear 
from the nasopharynx by this route. The 
lower respiratory tract consists of the tra- 
chea, bronchi, and the parenchyma of the 
lungs. 

The pharynx has a specialized and dis- 
tinct function setting it apart from the 
other two divisions. It is chiefly a mechani- 
cal one carried on by the sphincter action 
of the glottis which governs the quantity 
and pressure of the air intake. 

Physiologically, each division of the res- 
piratory tract plays a more or less independ- 
ent rdle and has a somewhat dissimilar 
function to perform, but all function to- 
gether. Their chief function is to facilitate 
the passage of the air to the alveoli. First, 
it has to be filtered and heated in the upper 
part of the respiratory tract to have it pre- 
pared for oxygenation of the blood and dis- 
tributed to the tissues. 

The lymphatic systems of these organs 
are connected, except that of the internal 
ear, which has no definite lymphatics. How- 
ever, it has perilymphatic spaces which 
communicate with the subdural spaces of 
the cranium. The middle ear drains into 
the parotid nodes which communicate with 
the superficial cervical nodes. Mullin and 
Ryder*® have demonstrated the connection 
of the lymph drainage of the upper air pas- 
sages and accessory sinuses with the lungs. 
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Pfahler! demonstrated roentgenologically 
the lymphatic drainage from the maxillary 
sinuses to the thoracic duct in a case in 
which lipiodol had been injected in the 
maxillary sinuses. Therefore, the lymphatic 
system of the upper respiratory tract is as- 
sociated with the lymphatics of the lower 
respiratory tract. 

I believe a study of the mastoids, sinuses, 
and chests in all patients having acute in- 
fections of the respiratory tract would not 
only elicit a better understanding of the 
underlying pathologic processes but would 
also give a better interpretation of the pre- 
senting signs and symptoms and thus per- 
mit intelligent treatment of such patients. 

I do not wish to give the impression that 
every acute infection involves all these vari- 
ous organs, but I do believe that the mas- 
toids and sinuses are more frequently 
involved than is realized. It is only during 
the past few years that it has become com- 
mon knowledge that a great majority of 
infants afflicted with severe gastrointestinal 
disturbances as the outstanding symptom 
also have accompanying foci of infection in 
the mastoids. Removal of these foci by 
means of antrotomies have given remark- 
able results in many cases showing no re- 
sponse to the usual medical regimen of 
treatment. 

The effect of upper respiratory infection 

and the so-called focal infections in predis- 
posing to or actually causing ulcer recur- 
rences of the stomach is a fact which is ac- 
knowledged by most authors at the present 
time. Crohn and Shwartzman! make this 
statement: 
“While unable to quote actual figures, we have 
always been convinced of the malign influence 
of tonsillar infections, acute naso-pharyngitis, 
grippe, influenza, pleurisy, and even pneu- 
monia, bronchial and lobar, in activating ulcer 
recurrence. It has always seemed a hopeless 
cause to preserve an apparently healed ulcer 
case in the presence of a susceptibility to recur- 
rent head colds or chronic sinusitis.” 


Quinn and Mevyer® in 1929 introduced 
iodized oil into the nostrils of sleeping pa- 
tients with a view of proving whether as- 
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piration occurs in the lower respiratory 
tract. In 5 of 11 such patients there was di- 
rect evidence that the oil thus introduced 
was aspirated into the lung parenchyma or 
the bronchi with the greatest ease, and this 
occurred repeatedly in 2 individuals. In the 
other 6, lack of sound sleep vitiated the ex- 
periment. These authors observed that 
when the person lies on his side, ideal con- 
ditions exist for drainage of the antrum of 
the opposite side. If he lies on his back, 
drainage of both antrums is favored. A 
large majority of patients in question had 
maxillary sinusitis with frank pus asso- 
ciated with bronchiectasis. Dr. Carmody 
and I have never been able to get iodized 
oil to pass into the bronchi in harelip pa- 
tients when the child was awake. We never 
have tried the experiment when the child 
was asleep. 

In studying a disease of any given organ, 
one’s attention is focused on that organ. We 
frequently do not think of the other organs 
associated with that system. These patients 
I have studied presented themselves at the 
Children’s Hospital, Denver, Colorado, as 
acute infection of one of the divisions of the 
respiratory tract. The mastoids, sinuses, 
and lungs were studied in these cases which 
I wish to present. 

CASE REPORTS 

Case 1. G. G., Male, aged four. Previous his- 
tory negative except for diphtheria, whooping 
cough, chicken pox and frequent attacks of oti- 
tis. The tonsils and adenoids had been removed 
five months before the present illness which be- 
gan with malaise, fever and pain in the ears. 
Patient’s appetite was poor, and he complained 
of slight abdominal pain at the onset. Pyelitis 
was suspected, but urinalysis was negative. 
Two days before admission the ear drums were 
incised and seropurulent discharge obtained. No 
tenderness over the mastoid region was present. 

Physical Examination. Listless, colorless 
child, skin white. Temperature 103.8° F. There 
was a slight amount of nasal discharge, the 
throat was slightly swollen and inflamed, a very 
small amount of tonsillar tissue was present. 
Both ear drums were open and draining, the 
left was somewhat inflamed. There was some 
cervical adenitis. The lungs appeared clear and 
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Fic. 1. Case 1. 4, right mastoid; B, left mastoid; C, sinuses; D, chest. 


the abdomen was negative. The diagnosis on 
admission was acute otitis media (bilateral) 
and acute pharyngitis. 

Roentgenograms made the day of admission 
(Fig. 1) showed: Sinuses—pan-sinusitis with 
questionable retention in the antra. Mastoids 
right mastoid of medium cell type with moder- 
ate congestion of the cells indicating moderate 
infection but no evidence of any breaking 
down of the septa. Left mastoid similar to right. 
Chest—some congestion at the hila which ex- 
tended out along the bronchi and which was 
probably associated with an upper respiratory 
infection, but which was not a true broncho- 
pneumonia. 

Subsequent History. The patient’s tempera- 


ture dropped to normal the next day, and three 
days later he was sufficiently improved to be 
discharged from the hospital. 


Case 11. F.S., Male, aged three. 

Previous History. At the age of four months, 
the patient was hospitalized for feeding regula- 
tion. Two and one-half years previous to this 
illness he had similar trouble and was never ro- 
bust or healthy after that. Two weeks previous 
to admission he had bronchopneumonia, from 
which he apparently recovered. The tempera- 
ture had returned to normal. Five days before 
admission the temperature rose again and otitis 
media developed. Both ear drums were incised 
three days before admission but although the 
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ears discharged freely, the daily rise in tempera- 
ture persisted. 

Physical Examination. Pale, poorly nourished 
child of three years who did not appear acutely 
ill. There was serous nasal discharge and poste- 
rior pharyngeal congestion. Both ears were ten- 
der, the canals were injected, and the left was 
draining serous exudate. There was some pos- 
terior cervical adenitis. Lungs and abdomen ap- 
peared negative. The diagnosis on admission 
was acute otitis media (bilateral). 

Roentgenograms made the day before admis- 
sion showed: Sinuses—moderate infection of the 
right antrum and right ethmoids with question- 
able retention in the antrum. Slight infection of 
the left antrum and left ethmoids. Mastoids— 
both of medium cell type, left appeared nega- 
tive. In the right there was some congestion of 
the cells in the antrum indicating some infec- 


Fic. 2. Case 11. 4, right mastoid; B, left mastoid; C, sinuses; D, chest. 
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tion, but there was no evidence of any breaking 
down of the septa. Chest—some congestion of 
the hila extending out along the bronchi and 
indicating an acute infection but not a true 
bronchopneumonia. 

Subsequent History. In spite of every form of 
treatment, the patient continued to have high 
temperature. His appetite was poor, and he was 
apathetic. Five days after admission, the si- 
nuses, mastoids, and chest were checked roent- 
genographically (Fig. 2). The sinuses and 
mastoids were practically the same as in the 
former examination, but the chest showed 
slightly more congestion of the bronchi, espe- 
cially in the right base. This had the appearance 
of bronchopneumonia. The following day the 
patient received 100 cc. of whole blood trans- 
fused directly from the donor (mother). Four 
days after that he began to improve and con- 
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tinued to do so until he was discharged six days 
later (twelve days after admission). 


Case 11. D. H., Male, aged seven months. 

Previous History. Since the age of two months 
the patient had had rash on his body. For the 
two weeks immediately preceding admission to 
the Children’s Hospital, Denver, he was hospi- 
talized elsewhere, where for the latter week he 
experienced difficulty in breathing and had high 
temperature. 

Physical Examination. Fairly well developed 
male infant. The nose was injected, tongue 
coated, the pharynx congested and there 
seemed to be much mucus. The tonsils and right 
ear were inflamed. There were rales throughout 
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both lungs, especially in the bases, and breath 
sounds were markedly exaggerated. The abdo- 
men was negative except for the macular rash 
which was over it. The rash extended over the 
chest, back and neck, The diagnosis on admis- 
sion was bronchopneumonia, acute right otitis 
media, acute pharyngitis and tonsillitis, and 
infantile eczema. 

Roentgen examination nine days after ad- 
mission (Fig. 3) showed: Sinuses—moderate 
density of the antra, slight density of the right 
and left ethmoids indicating a moderate infec- 
tion of these sinuses without any evidence of re- 
tention. Mastoids—left mastoid had not begun 
to develop, there was one cavity and no evi- 
dence of any congestion; the right mastoid was 


Fic, 3. Case 11. 4, right mastoid; B, left mastoid; C, sinuses; D, chest. 
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Fic. 4. Case iv. 4, right mastoid; B, left mastoid; C, sinuses; D, chest. 


similar to the left. Chest--some congestion of 
the bronchi extending out from the root of each 
lung, slightly more marked in the right upper 
lobe, which indicated acute infection but not 
definitely a bronchopneumonia. 

Both the Mantoux and Wassermann tests 
gave negative results. 

Subsequent History. Patient improved for two 
weeks, then the temperature rose to 103.2° F., 
the right ear stopped draining, there was much 
mucus, and the skin was slightly dehydrated. 
The temperature remained high, and on the 
nineteenth and thirty-ninth days after admis- 
sion transfusions of 60 cc. each of citrated blood 
were given. After the second transfusion there 
seemed to be slight improvement until six 
weeks later when the temperature rose again 
and a few rales appeared in the lungs. The fol- 


lowing day there were several cyanotic attacks, 
the chest was filled throughout with rales, the 
pulse was weak and rapid, and there was much 
dyspnea. Thereafter the temperature rose 
rapidly and steadily to 108° F. and the child 
died (two months and two days after admis- 
sion). The necropsy diagnosis was erythro- 
edema, disseminated bronchopneumonia. The 
sinuses and mastoids were not examined. 


Case Iv. E. H., female, aged two. 

Previous History. Aside from measles and oti- 
tis one year previously, the patient had been in 
good health until nine months previously when 
she suddenly broke out with what appeared to 
be hives during a scarlet fever epidemic. There 
were no throat symptoms, she had a slight rise 
in temperature, but the eruptions disappeared 
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in three days and none of her brothers or sisters 
became ill. Three months later a doctor was 
consulted because of swelling of the feet. The 
urine then showed a 4 plus albumin reaction, 
which persisted. For the two months previous 
to hospital admission, she had puffiness of the 
eyes, and some swelling of the abdomen (as- 
cites). 

Physical Examination. Well developed girl 
with a marked general edema, especially of the 
eyelids. The tongue was coated, the tonsils 
slightly injected and the ears were negative. In 
the chest, there were a few rales in the base 
posteriorly but no dullness. The abdomen was 
distended and dull to percussion. The knee jerks 
were not obtained. The diagnosis on admission 
was nephrosis with ascites. 

Course. Three days after admission the pa- 
tient had severe bronchitis; three days later she 
was given 150 cc. of whole blood direct from the 
donor, and on the eighth day after entering the 
hospital she received 175 cc. of citrated blood. 
Following this the edema cleared and on the 
tenth day after admission she was given $0 cc. 
of blood serum. 

Roentgenograms made the sixteenth day 
after admission (Fig. 4) showed: Sinuses— 
frontals not developed; right antrum dense, the 
left only moderate density; right and left eth- 
moids moderately dense indicating moderate 
infection. Questionable retention in the right 
antrum. Mastoids—practically no cells showing 
in the right mastoid, but a moderate density in 
the antrum and around the auditory canal 
which had the appearance of an undeveloped 
mastoid with some eburnation due to chronic 
infection. The left mastoid was similar to the 
right. Chest—some increased fibrosis at the 
root of each lung and extending out along the 
bronchi into each lung especially the base, 
which indicated a pulmonary infection, and 
which was probably associated with an upper 
respiratory infection. 

Subsequent History. The patient was in the 
hospital for six weeks after the roentgen exami- 
nation. During that time, the temperature re- 
turned to normal, tonsils and adenoids were 
removed, two more transfusions were given, 
one week, and ten days after the operation, and 
the patient improved although her weight fluc- 
tuated. The nephrosis improved but the urine 
did not entirely clear, and the temperature was 
99.6° F. when she was discharged two months 
and three days after admission. 
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Case v.:N. S., female, aged one and a half. 

Previous history was negative except for at- 
tacks of tonsillitis and adenitis. Two weeks 
previous to admission she had a streptococcic 
infection of the gums. Three days before admis- 
sion the patient began to have sore throat, high 
fever, and loss of appetite, even refusing fluids. 

Physical Examination. On admission the pa- 
tient’s skin was clear and dry, there was some 
nasal discharge, the throat was red, edematous 
and patchy, the tonsils were enlarged and con- 
gested, and there was bilateral cervical ade- 
nitis. The lungs and abdomen were negative. 
The diagnosis on admission was streptococcic 
sore throat with possible pharyngeal abscess. 

The chest was roentgenographed the day of 
admission (Fig. §) and showed slight congestion 
of the bronchi in the right base, but not a defi- 
nite bronchopneumonia. Four days later the 
sinuses and mastoids were examined roentgeno- 
logically. Sinuses—-considerable density of the 
right antrum, slight density of the left; moder- 
ate density of the right and left ethmoids. 
Conclusions: moderate infection of the sinuses 
with questionable retention in the right antrum. 
Mastoids—the left mastoid was of the medium 
cell type with slight congestion of the cells in 
the antrum indicating a slight infection, but no 
evidence of any breaking down of the septa. 
The right mastoid was similar to the left. 

Laboratory Examination. Blood culture 
showed a growth of Streptococcus haemolyticus. 

Subsequent History. The temperature ran a 
septic course; two days after admission a trans- 
fusion of 100 cc. of whole blood was given, the 
ears became involved and the left drum rup- 
tured spontaneously but the right was incised. 
After three weeks the temperature fell by lysis, 
and the patient was discharged five weeks after 
admission. One week later the patient was re- 
admitted for removal of tonsils and adenoids, 
and made an uneventful recovery. 


Case vi. J. M., Male, aged three and a half. 

Previous History. Patient had croup, scarlet 
fever, tonsillitis and adenitis. Measles devel- 
oped fourteen days before admission and pa- 
tient was quite ill. Five days later he developed 
cough, temperature rose to 104.5° F., and a 
small pneumonic area was diagnosed in the left 
lung. The temperature fluctuated up and down, 
and four days previous to admission a pneu- 
nomic area was noted on the right side. The 
temperature rose higher and the child became 
delirious. 
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Fic. 5. Case v. 4, right mastoid; B, left mastoid; C, sinuses; D, chest. 


Physical Examination. On admission the 
throat was red and injected, tonsils large and 
red, there was slight enlargement of the cervical 
glands, the ears were negative. The measles 
rash on the abdomen was fading. There were 
many rales in the left lung and it was slightly 
dull to percussion. The patient had a slight 
cyanotic attack the day he was admitted. The 
following day both ears were inflamed, and one 
week later rales developed in the right upper 
lobe and there was definitely fluid in the left 
base. 

Roentgenogram of the chest was made four 
days after admission (Fig. 6). This showed a 
pneumonic area in the right upper lobe and one 
in the left lower lobe. There was some conges- 
tion of the bronchi in the right base and left 
upper lobe. One week later the chest was again 


roentgenographed, and again nine days later. 
The sinuses and mastoids were examined 
twenty-five days after admission. When the 
chest was re-examined the second time, the 
pneumonic area in the right upper lobe was 
undergoing resolution. There was some in- 
creased density over the left base indicating 
fluid. 

The examination of the sinuses and mastoids 
showed a slight density of the antra, moderate 
density of the right and left ethmoids indicat- 
ing moderate infection of the sinuses without 
any evidence of retention. The left mastoid 
was of the medium cell type, there was slight 
congestion of the cells in the antrum which in- 
dicated slight infection but there was no break- 
ing down of the septa. The right mastoid was 
the same type as the left, there was moderate 
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Fic. 6. Case vi. 4, right mastoid; B, left mastoid; C, sinuses; D, chest. 


congestion of the cells in the antrum and appar- 
ently slight thinning of the septa which indi- 
cated acute mastoiditis. 

Subsequent History. Seven days after ad- 
mission, the child developed empyema of the 
left lung which necessitated draining. The ears 
flared up once but the condition cleared with- 
out surgical intervention. Once the temperature 
rose, but that may have been due to toxoid 
which was given the child. There was consider- 
able improvement when the patient was dis- 
charged one and one-half months after admis- 
sion. 


Case vil. R. K., male, aged seven and a half. 
Previous History. Patient had congenital 
harelip and cleft palate. He had been operated 
on at the age of three weeks, but failed to return 
for further treatment. Had croup, measles and 


German measles, tonsillitis and adenitis. The 
reason for admission to the hospital at the time 
reported here was for further surgery on the lip 
and palate. The physical examination was nega- 
tive. 

Course. Four days after operation (seventeen 
days after admission) the patient began to have 
fever, which rose to 104° F., and for which no 
cause could be found. He complained of ab- 
dominal pain but there was no localized tender- 
ness, and examination at that time was essen- 
tially negative. Ten days later both ear drums 
were inflamed, and the right one ruptured and 
began draining. One week later the left drum 
was incised. 

Roentgenograms made six days after opera- 
tion (Fig. 7) showed: Sinuses—right frontal 
was very small, in fact nothing more than a high 
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anterior ethmoid cell. The left frontal was 
small also, the other sinuses were of average 
size for a child of that age. There was slight 
density of the antra and right and left eth- 
moids indicating slight infection of these si- 
nuses. Mastoids—right mastoid showed only a 
few cells high in the antrum, there was con- 
siderable density around the auditory canal 
and in the mastoid down toward the tip. The 
lateral sinus swung fairly well forward indicat- 
ing an undeveloped mastoid with eburnation 
from chronic infection. The left mastoid showed 
some cells in the anterior and posterior part and 
extending down toward the tip. There was con- 
siderable density around the auditory canal 
and in the antrum extending down toward the 
tip. Some thickening of the septa in the poste- 
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rior cells indicated a chronic infection with 
eburnation. Chest—there was a slight thicken- 
ing of the pleura between the right upper and 
middle lobes. Moderate increased fibrosis at 
the root of each lung and extending out along 
the bronchi into each lung indicated a pulmo- 
nary infection which was probably associated 
with an upper respiratory infection. There was 
no evidence of lung abscess or central pneu- 
monia. 


Subsequent History. After myringotomy, 
both ears drained for some time, the discharge 
gradually decreased and the temperature be- 
came normal for a time although on the date of 
discharge (seven weeks after admission) it was 
99° F. 


Kic. 7. Case vir. 4, right mastoid; B, left mastoid; C, sinuses; D, chest. 
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Case vi. E. C., male, aged eleven and a 
half. 

Previous History. Patient had many sore 
throats and began to become deaf; tonsils and 
adenoids removed at the age of five. Following 
the operation improvement was rapid, the pa- 
tient gained weight and the deafness disap- 
peared. At the age of nine and a half he began 
having ear aches again; these gained in fre- 
quency and severity and were accompanied by 
slight deafness. One week previous to admission 
patient developed fever which subsided at night 
and rose as high as 104° F. during the day. 
Three days later began to have discharge from 
right ear. 

Physical examination on admission was nega- 
tive except for the right ear which was draining; 
there was no mastoid tenderness. The diagnosis 
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on admission was acute suppurative otitis me- 
dia. 

Roentgenograms made on admission (Fig. 8) 
showed: Sinuses—the right antrum was dense, 
and there was moderate density of the left. 
There was slight density of the right and left 
ethmoids. These findings indicated moderate 
infection of the ethmoids and antra with ques- 
tionable retention in the right antrum. Mas- 
toids—the left mastoid was of the medium cell 
type and negative. The right was not as well 
developed as the left, medium cell type, and 
considerable density around the auditory canal 
and moderate thickening of the septa in the an- 
trum and extending down toward the tip indi- 
cated a chronic infection. Chest—there was a 
pneumonic area at the hilum which involved 
the right middle lobe. There was slight conges- 
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Fic. g. Case 1x. 4, right mastoid; B, left mastoid; C, sinuses; D, chest. 


tion of the bronchi in the right base. The left 
lung was quite clear. 

Subsequent History. Ven days after admission, 
tonsil and adenoid tags were removed. After 
that he showed continual improvement until 
discharged from the hospital two weeks later. 

Re-admission. Three months later the patient 
was re-admitted because nine days previously, 
after receiving a blow on the face and nose, 
he began to have a rise in temperature which 
varied between 99 and 100° F. After that tem- 
perature varied from 100 to 105° F. He had 
several chills, and headaches, severe and con- 
tinuous and general in location, but no other 
appreciable complaints. 

Physical examination was negative except 
that transillumination of the sinuses showed 
mild cloudiness. The diagnosis on admission 
was pan-sinusitis. 
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Subsequent History. The day after admission, 
he began to cough and complained of pain in his 
chest. Examination then revealed slight change 
in breath sounds. Roentgen examination of the 
sinuses showed a slight infection of the antra. 
The check examination of the chest showed a 
pneumonic area of the lobar type in the right 
upper lobe. The patient developed interlobar 
effusion which absorbed, and he was discharged 
well ten days later. 

Case 1x. S. B., female, aged eight months. 
The previous history was negative until four 
weeks previously when she developed a nasal 
discharge, slight cough, and fever for two days. 
Recovery was complete. Three days before ad- 
mission the patient developed fever, cough, 
wheeziness, and respiratory grunt. There were 
no convulsions, but the day before admission 
she vomited and was very restless. 
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Fic. 10. Case x. 4, right mastoid; B, left mastoid; C, sinuses; D, chest. 


Physical Examination. Temperature 104.5° 
F., there was no nasal discharge, tonsils were 
large and red, the left ear drum was reddened, 
but there was no discharge from the ears. Other- 
wise the examination was negative. The diag- 
nosis on admission was acute upper respiratory 
infection, and acute left otitis media. 

Roentgenograms made the following day 
(Fig. 9) showed: Sinuses—the frontals were not 
developed, the right and left ethmoids and an- 
tra were dense, indicating considerable infection 
with probable retention in the antra. Mastoids 
—the right mastoid was negative, and there 
was no definite cell development. The left 
showed no definite cell development. There was 
some cloudiness in the region of the antrum in- 
dicating some infection. Chest—there was a 


pneumonic involvement of the right lower lobe, 
and slight congestion of the bronchi in the right 
upper lobe. There was a slight congestion at the 
root of the left lung. 

Subsequent History. Two days after admission 
a few moist and dry rales were found at the 
level of the mid portion of the right scapula 
near the spinal column which gave the impres- 
sion of right central pneumonia. Four days after 
admission the left ear drum was incised and pus 
was obtained, a culture of which showed pneu- 
mococcus infection. The patient developed in- 
terlobar effusion between the right middle and 
lower lobes. This cleared and the patient was 
discharged after eighteen days in the hospital. 

Case x. N. T., male, aged five and a half 
months. 
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Previous History. Ever since a few days old 
the patient vomited his food, and was very 
“nervous.” In the hospital where he was born 
this condition had been controlled by medica- 
tion, but it returned when the patient was taken 
to his home. He had been artifically fed from 
the time of birth because the mother was toxic. 
Patient slept fitfully, and often cried out while 
sleeping, at times perspiration stood out on the 
head and he acted as if in severe pain. This con- 
tinued day and night, but the baby continued 
to gain weight fairly well. 

Physical Examination. Aside from slight con- 
gestion in the throat the examination was nega- 
tive and nothing could be found to account for 
his crying. The Mantoux test was negative. 

Course. Five days after admission tempera- 
ture rose to 104° F., both ear drums were con- 
gested, and they were incised. Thereafter the 
temperature gradually subsided to normal on 
the tenth day. Nine days later there was a repe- 
tition of the temperature flare-up, and at that 
time there was a thick purulent discharge from 
the left ear and some bulging of the posterior 
canal. Four days later the temperature rose to 
106° F. and the patient developed symptoms of 
meningeal irritation. 

Roentgenograms made at that time (Fig. 10) 
showed: Sinuses—the frontals were not devel- 
oped, the antra were dense and there was mode- 
rate density of the right and left ethmoids, in- 
dicating considerable infection of these sinuses 
with probable retention in antra. 

Mastoids—in the left mastoid the cells had 
not begun to develop; there was one cavity and 
it was negative. The right mastoid showed some 
congestion of the mastoid cavity which indi- 
cated a slight infection. Chest—there was slight 
increased fibrosis of the hila extending out along 
the bronchi which indicated a slight pulmonary 
infection which was probably associated with 
an upper respiratory infection. 

Subsequent History. The next day, bilateral 
myringotomy was performed and a transfusion 
of 100 cc. of whole blood was given direct from 
the donor (mother). The spinal fluid was nega- 
tive. Three days later the patient developed a 
marked cervical adenitis especially on the left 
side, but the temperature gradually subsided. 
Ten days later the temperature rose again and 
another bilateral myringotomy was done. Again 
the temperature subsided, but the left cervical 
adenitis persisted. Forty-eight days after ad- 
mission a posterior lateral pharyngeal abscess 
was incised and four days after that the left 


cervical glands were incised and drained. Two 
days later both antra were irrigated, and the 
patient was given a second transfusion, this 
time of 120 cc. of citrated blood. Following the 
transfusion, he began to improve rapidly and to 
gain weight. He was discharged two weeks after 
the second transfusion in good condition. 


CONCLUSIONS 

From these case histories I have tried to 
exemplify the following conclusions: 

1. Frequently there may be acute infec- 
tion in another division of the respiratory 
tract which is more serious than the infec- 
tion in the part that has produced the ap- 
parent symptoms. 

2. Examination of all divisions of the 
respiratory tract will frequently elicit the 
cause of prolonged illness and otherwise un- 
explainable symptoms which are sometimes 
encountered. 

3. Early accurate diagnosis of such acute 
infections and proper treatment may pre- 


vent many chronic diseases of adult life. 
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Sen making of motion pictures of the 
image present on the fluoroscopic 
screen is known as cineroentgenography. 
This procedure is especially suitable for 
demonstrating lesions of the intrathoracic 
organs. With the aid of contrast media it is 
possible to delineate the large vessels and 
cardiac chambers, the esophagus and the 
tracheobronchial tree. Motion of these 
structures may also be graphically demon- 
strated. These motion picture films may be 
used for the study of physiological and 
pathological processes, and for teaching 
purposes. 

Cineroentgenography has now developed 
to a point where one can obtain satisfactory 
films in most instances. The apparatus and 
technique have been adequately described 
elsewhere.! The purpose of this article is 
to enumerate applications of the method in 
cardiovascular diagnosis and to report 
several cases in which cineroentgenography 
has contributed additional information to 
that obtainable by ordinary roentgen ex- 
amination. 

The use of contrast media for the visuali- 
zation of the heart and great vessels was 
devised by Robb and Steinberg. This 
technique is a remarkable contribution to 
roentgen diagnosis of the circulatory sys- 
tem. With this method we have made cine- 
roentgenographic studies of the pulmonary 
circulation, cardiac chambers and great 
blood vessels. The identical technique of 
Robb and Steinberg? has been followed. By 
the rapid intravenous injection of 30 to 40 
cc. of 70 per cent diodrast a portion of the 
blood stream is rendered temporarily radi- 
opaque. The opacified blood may be fol- 
lowed from the site of injection in the arm 
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CINEROENTGENOGRAPHIC DIAGNOSIS 
OF CONGENITAL AND ACQUIRED 
HEART DISEASE* 


By W. H. STEWART, M.D., CHARLES W. BREIMER, M.D., avd HERBERT C. MAIER, M.D. 
Lenox Hill Hospital 


NEW YORK, NEW YORK 


through the great veins to the right side of 
the heart. The right auricular and ventric- 
ular chambers are visualized and the out- 
lines of the pulmonary artery clearly 
demonstrated. Then this opaque column of 
blood, returning through the pulmonary 
veins, delineates the chambers of the left 
auricle and ventricle and finally outlines 
the aorta. 

This entire sequence recorded on a strip 
of motion picture film makes it possible to 
study the vascular anatomy, physiology 
and pathology in a much more complete 
manner than formerly when merely two 
roentgenograms were made during the brief 
period that the heart chambers and great 
vessels were opacified. Cineroentgeno- 
graphic recordings of this sort are of partic- 
ular value in the study of congenital heart 
disease. Visualization of the entire cycle of 
the opacified blood through the heart and 
great vessels enables the detection of cer- 
tain abnormalities in blood flow, and in vas- 
cular and cardiac outlines which may escape 
observation if only two roentgenograms 
are made. Detail of structure, however, 
cannot be as clearly visualized by cine- 
roentgenography as by roentgenograms. 
The two methods supplement one another. 

The diagnosis of the exact nature of a 
congenital cardiac lesion by physical signs 
is often difficult or impossible. The ordinary 
roentgenogram is of only limited aid in 
most cases of congenital heart disease. A 
few typical cases examined by cineroent- 
genography during opacification illustrate 
the possibilities of this method. 

Case 1. Male, aged fourteen, ‘had been 
dyspneic and cyanotic since birth. The child 
was underdeveloped both physically and men- 


* Read at the Forty-first Annual Meeting, American Roentgen Ray Society, Boston, Mass., Oct. 1~4, 1940. 
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tally. There was marked clubbing of the fingers. 
Physical examination revealed an enlarged 
heart with a loud systolic murmur at the apex 
and pulmonic area, and a systolic thrill over the 
apex. The blood pressure was 80/60. The elec- 
trocardiogram showed right axis deviation. 

A roentgenogram of the chest showed notch- 
ing of the under surface of the upper ribs sug- 


Superior 


Right 


Right 
Ventricle...\.- 


Left 
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This flow of opacified blood through the septum 
from right to left could be easily identified in the 
motion picture. The aorta was clearly outlined 
and showed nocoarctation (Figs.14,1Band1C). 


Case 11. Male, aged seven, had a history of 
progressive cyanosis since the age of one month. 
The child’s development had been fairly good 
Diodrast 


in 
aorta. 


Fic. 14. Case 1. Tracing made from projected image. Left anterior oblique view. One and one-half seconds 
after injection. Tetralogy of Fallot. The diodrast (black) is seen solidly filling the superior vena cava and 
entering the right auricle and right ventricle. ; 

Fic. 1B. Case 1. Two and one-half seconds after injection. The aortic arch, pulmonary artery and region of 
the left ventricle show opacification indicating an interventricular septal defect and communication of the 


aortic origin with the right ventricle. 
Fic. 1C. Case 1. Four and one-half seconds after injection. Diodrast has filled the left ventricular cavity, 
aortic arch and descending aorta, the pulmonary artery and its branches. At this time diodrast would not 


normally have reached the left ventricular cavity. 


and dyspnea was not prominent. Marked 
clubbing of the fingers and toes was present. 
On physical examination the heart was consid- 


gesting coarctation of the aorta. The whole 
clinical picture, however, could not be explained 
by that diagnosis. 


The cineroentgenographic studies after the 
injection of diodrast showed that the opacified 
blood passed in a normal manner as far as the 
right ventricle. From here the opaque blood 
passed simultaneously into the pulmonary 
arteries, aorta, and, through a defect in the in- 
terventricular septum, into the left ventricle. 


erably enlarged. There was a systolic thrill with 
a harsh systolic murmur at the apex. The blood 
pressure was 105/90. The electrocardiogram 
showed right axis deviation. The clinical di- 
agnosis was tetralogy of Fallot. Pathologically, 


this condition shows four characteristic ab- 
normalities: (1) right ventricular enlargement, 
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(2) pulmonary stenosis, (3) interventricular 
septal defect and (4) dextra position of the 
aortic orifice which rides over the defect in the 
interventricular wall. 

Cineroentgenographic contrast studies showed 
the opacified blood progressing normally to the 


Diodrast in 


Ventricle 
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General development had been quite normal, 
Marked clubbing of the fingers was present, 
The heart was only slightly enlarged. There 
was a harsh systolic murmur and a systolic 
thrill over the pulmonic area. The blood pres- 
sure was 118/88. The electrocardiogram showed 


Diodrast in 
aorta, 


Pulmonary artery. 


ft ventricle. 


Fic. 24. Case 11. Tetralogy of Fallot. Left anterior oblique position. One and one-half seconds after injection. 
Diodrast is seen solidly filling the superior vena cava. Some of it has reached the right ventricle and is be- 
ginning to appear in the left ventricle through the patent interventricular septum. 

Fic. 2B. Case 11. Two and one-half seconds after injection. The diodrast is seen to enter the left ventricular 
cavity in a great wave, indicating a large interventricular septal defect. Diodrast is also present in the 
ascending aorta indicating communication of aorta with the right ventricle. The pulmonary artery also 
contains diodrast. 

Fic. 2C. Case 11. Three and one-half seconds after injection. The aorta, left pulmonary artery and entire 
aortic arch contain diodrast. The left pulmonary artery is seen to be narrow and tortuous. The aorta is 


dilated. 


right auricle and then into the right ventricle 
which was somewhat enlarged. Immediately 
after entry of the diodrast into the right ven- 
tricle simultaneous opacification occurred in the 
pulmonary artery, the left ventricle and the 
aorta. The aorta was larger than normal, and 
considerably larger than the pulmonary artery. 
The findings are what one would expect from 
the type of pathology in a tetralogy of Fallot 
and confirmed the clinical impression (Figs. 24, 
2B and 2C). 


Case ut. The patient was a male, aged 
twenty-two, with a history of cyanosis since the 
age of four. There was no significant dyspnea. 


right axis deviation. There was the unusual 
finding of definite diminution in the cyanosis 
after vigorous exercise although the arterial 
blood oxygen content was lower after activity. 
In this case the clinical findings were difficult to 
interpret. The consensus, however, favored a 
diagnosis of pulmonary stenosis associated with 
other lesions. 

Cineroentgenographic contrast studies of the 
patient showed evidence of a septal. defect, 
probably auricular, with a flow of blood from 
right to left. There was a marked fusiform dila- 
tation of the proximal portion of the pulmonary 
artery. The pulmonary artery beyond this 
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dilatation was irregular in outline and there was _ shadow in the region of the left ventricle and a 
delay in the passage of blood through the cardiac aneurysm was diagnosed. In spite of 
pulmonary artery (Figs. 34 and 3B). this the patient’s course continued satisfactory 


Two 
dilatations of pulmonary 
artery. 


Superior 
CAVA 


Rignt 
auricle..++++- 


Diodrast in 
left auricle. 


B 


Fic. 34. Case 11. Left anterior oblique position. One and one-half seconds after injection. Diodrast has 
reached the right auricle and right ventricle. The muscular wall of the right ventricle is seen to be hyper- 
trophied. 

Fic. 3B. Case i. Three seconds after injection. Diodrast has outlined the left pulmonary artery. A large 
aneurysmal dilatation is seen at the origin of the pulmonary artery; a smaller one is outlined just beyond 
this. The region of the left auricle is now opaque indicating probable leakage through a patent inter- 


auricular septum. 


Case tv. The patient was a male, aged fifty- 
six, who had a typical attack of coronary throm- 
bosis three years previously. At that time he 
was hospitalized for three months. Later a 
roentgenogram showed bulging of the cardiac 


Thickness of 
aortic wall. 


Non filling due 
te clot in sac 
of ventricular 
aneurysn. 


Markedly thinned 
left ventricular 


Fic. 4. Case 1v. Ten seconds after injection. Non- 
filling of aneurysmal sac due to presence of a thick 
organized thrombus lining it. The muscular wall 
of the left ventricle is extremely thin. Proved at 
autopsy. 


for a period of over three years. Several months 
ago the patient died of an acute pancreatitis and 
the autopsy confirmed the diagnosis of cardiac 
aneurysm. 

Preliminary cineroentgenograms demon- 
strated a bulging of a part of the left cardiac 
border. This bulging area showed paradoxical 
motion rather than the normal type of ventricu- 
lar contraction and confirmed the impression 
gained from the routine study, of a myocardial 
infarct which led to development of ventricular 
aneurysm. Following the injection of diodrast 
the outline of the left ventricular chamber 
demonstrated a marked thinning of the muscu- 
lar wall adjacent to the aneurysm. None of the 
opaque blood, however, could be detected in the 
aneurysmal sac, indicating that an organized 
clot was present. Some time later, at autopsy, 
the diagnosis of thrombosis obliterating most 
of the ventricular aneurysm was confirmed 
(Fig. 4). 

In a number of cases in which diodrast 
was injected, considerable dilatation of the 
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cardiac chambers and of the great vessels 
was present. In these the opaque medium 
rapidly became mixed with such a large 
amount of blood that no visualization was 
obtainable. 


CONCLUSIONS 


In addition to the elucidation of the 
nature of some congenital cardiac lesions, 
and the visualization of the cardiac cham- 
bers, various abnormalities of the great 
vessels have been demonstrated. Compres- 
sion of the large venous trunks may be 
visualized. The size and course of the pul- 
monary arteries can be clearly shown. 
Mediastinal tumors and vascular structures 
may be differentiated. Cineroentgenography 
may be able to clarify our knowledge of the 
living anatomy and physiology of the cen- 
tral portion of the circulatory system. This 
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method can be employed for educational 
purposes. 

We had hoped to be able to demonstrate 
a “patent ductus arteriosus.’” While up to 
the present it has not been possible to 
visualize such a lesion we have detected 
certain abnormalities of the greater blood 
vessels as well as cardiac septal defects 
which would contraindicate surgical relief 
in a “patent ductus”’ detected clinically.* 
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* For discussion see page 644. 
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A NEW TECHNIQUE FOR THE ARTERIOGRAPHIC 
EXAMINATION OF THE ABDOMINAL AORTA 
AND ITS BRANCHES* 


By DR. P. L. FARINAS 


HAVANA, CUBA 


fgg the publication of the paper by 
Dos Santos (1929) describing a tech- 
nique for the arteriographic study of the 
abdominal aorta, different communications 
on the subject have appeared, but his 
method has not become a routine procedure 
in general practice due to the difficulties of 
the blind puncture of the abdominal aorta 
at the paravertebral region. 

In order to avoid the blind puncturing of 
the aorta, we recommend the arterio- 
graphic study of the abdominal aorta and its 
branches by the puncture and catheteriza- 
tion of the femoral artery at Scarpa’s tri- 
angle. After local anesthesia the femoral 
artery is exposed by blunt dissection, 
mounted in two catguts, and punctured 
with a trocar through which a catheter is 


Kic. 1. Necessary instruments: urethral catheter No. 


7 or 8 Porges; trocar with stopcock, and a $0 cc. 
syringe with adaptor and stopcock. 


passed, it being introduced to the desired 
level in the aorta. The patient is placed in 
position according to the organ to be roent- 
genographed so that its selective arterio- 
gram may be obtained. A compression at 
the root of the opposite member is made 


Kic. 2. Aortography by catheterization of the femo- 
ral artery. Anteroposterior view showing the ab- 
dominal aorta and its branches in a dog. 


with a tourniquet, in order to compress the 
femoral artery and to obtain an ectasis in 
the abdominal circulation. 

After the preliminary details are com- 
pleted, 20 or 30 cc. of a 70 per cent solution 
of diodrast is injected within two to three 
seconds through the catheter, and a fast 
Potter-Bucky film is made. This gives a 


* Read at the Forty-first Annual Meeting, American Roentgen Ray Society, Boston, Mass., Oct. 1-4, 1940. 
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Fic. 3. Aortography by catheterization. Lateral view 
showing the mesenteric plexus and the lumbar ar- 


teries in a dog. 


Fic. 4. Aortography by catheterization of the fem- 
oral artery. The aorta and its branches are clearly 
visible. Note the mesenteric plexus. 
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concentration of 8 to Io per cent of diodrast 
in the aorta. The catheter and trocar are 
then withdrawn and a suture taken in the 
adventitia of the artery at the site of the 
puncture and the wound is closed. Using 
the same injection, a urogram is taken, 
making plates of the urinary tract after the 
catheter has been withdrawn. 

While trying to use the arterial system 
in the treatment of cancer of the abdominal 


Fic. 5. Selective arteriography of the left kidney. 
The catheter was placed at the level of the first 
lumbar vertebra and the patient inclined to the 
left. The renal arteries are normal. 


organs, we started using the puncture of the 
aorta at the paravertebral region, as recom- 
mended by Dos Santos. However, as a re- 
sult of the difficulties of the blind puncture 
of the aorta combined with the necessity of 
having a desired concentration of some 
substances in the affected organ, the cathe- 
terization method under discussion was 
conceived and employed at the Cancer In- 
stitute in Havana. 

We started using this method in dogs, 
and their autopsies did not show any early 
or late alterations which could be attribut- 
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ed to the puncture or catheterization of the 
arteries. 

We have had no accidents due to the in- 
jection, which is absolutely painless, and 
patients are able to walk to their beds 
after the injection. Their autopsies showed 
no lesions due to the catheterization of the 


aorta. 


New Technique for Arteriographic Examination 


The study of the abdominal organs by 


Fic. 6. Aortography by catheterization of 
the aorta. Lateral view in a man. 


arteriography gives a great deal of informa- 
tion concerning the anatomical and func- 
tional disorders through the modification 
of the circulation. The alterations in the 
wall of the aorta and its branches; the study 
of the renal circulation by its density (secre- 
tory function), and by urography (excre- 
tory function) with the same injection; the 
location of abdominal tumors and many 
obscure problems of the abdominal cavity 
may be observed by this method. 

By employing this technique, a selective 
study of the circulation of any abdominal 


Fic. 7. Abdominal Hodgkin’s disease. Note the mul- 
tiple compressions of the aorta and its branches by 
enlarged glands. 


organ may be made by placing the end of 
the catheter close to where its artery leaves 
the aorta, and correct positioning for roent- 


Fic. 8. Very large tumor of the liver. Absence of the 
hepatic artery and the displacement of its branches. 
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Fic. 9. Large tumor of the uterus. Note the neoplas- 
tic vessels and the displacement and compression 
of the arteries by the tumor. 


Fic. 10. Very large tumor of the bladder. Note the 
displacement of the iliac arteries and the newly 
formed vessels of the tumor. 


P.L. 
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genography. We hope that this method will 
be used wherever indicated, as a substitute 
for blind puncture of the aorta. 


DISCUSSION ON PAPERS BY STEWART, 
BREIMER AND MAIER, AND FARINAS 
Dr. C. Sipney Burwe.t, Boston. The two 
very instructive papers—one by Drs. Stewart 
Breimer and Maier, and one by Dr. Fariiias 
lead me to make the following comments: 


Kic. 11. Large suprarenal tumor on the left side with 
displacement of the splenic artery. Note the en- 
largement of the capsular artery on the left side 
and the new circulation into the tumor. 


First, there is no doubt that useful visualiza- 
tion of the heart and great vessels is much aided 
by the injection of diodrast and the taking of 
films in rapid succession after such an injection. 
From such observations come not only useful 
aid in the diagnosis of individual cases, but also 
definite additions to our knowledge of the circu- 
lation through the heart, great vessels, and 
lungs. This knowledge may reach the point 
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where simpler methods will serve for the diag- 
nosis. This is the natural history of many diag- 
nostic methods. 

Second, diagnosis in a given patient may be 
important because it serves as a guide to treat- 
ment, because it supplies an answer to the ques- 
tion of prognosis, or because it satisfies the doc- 
tor’s curiosity. I do not decry this last, which is 
essential to scientific progress, but the degree of 
risk which it is proper to assume will vary ac- 
cording to the significance of the information to 
be obtained. This observation applies to all di- 
agnostic procedures. As the risk increases, the 
importance of the information to be obtained 
from the point of view of guiding in the essen- 
tial treatment of the patient must also increase, 
and crucial risks may be taken only for crucial 
decisions. These observations apply to the use of 
diodrast. Under ordinary circumstances, the 
risk is small, perhaps minimal, but I cannot per- 
suade myself that the incision of the femoral ar- 
tery and the introduction of a catheter is a small 
procedure or one without hazard. Therefore, al- 
though such a method may be useful in study- 
ing the circulation in experimental animals, its 
use in patients would appear to me to be justi- 
fied only by the chance of obtaining information 
which was decisive in indicating the patient’s 
treatment. Moreover it would be necessary to 
show that decision could not be reached in a less 
disturbing way. 

Third, there is a point which I would like to 
make regarding the association of other con- 
genital lesions with patent ductus arteriosus and 
the bearing of this association on the desirabil- 
ity or undesirability of ligation. It is suggested 
in the paper of Stewart, Breimer and Maier 
that certain abnormalities of the great blood 
vessels and certain septal effects contraindicate 
surgical relief of patency of the ductus. In the 
first place, such association of lesions is not 
common in patients who survive beyond the 
first months of life, though not unknown. In the 
second place, if the patent ductus is playing a 
useful rdle, that is if it is serving as a necessary 
bypass, the patient will usually and perhaps al- 
ways be cyanotic. So far I have not heard any- 
one advance the suggestion of a situation in 
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which a non-cyanotic patient needs a patent 
ductus. This does not minimize the value of this 
type of roentgenographic diagnosis of congeni- 
tal and acquired heart disease. Additional pre- 
cision in the diagnosis of congenital heart ‘disease 
is much needed since in this group there are pa- 
tients who may benefit greatly by appropriate 
treatment. 

Finally, may I express my gratitude for the 
opportunity of meeting with this Society and 
discussing these problems of importance to stu- 
dents of the circulation. Cooperative interest 
and discussion are surely important factors in 
the advancement and diffusion of knowledge. 


Dr. Stewart (closing). So far as the risk is 
concerned, we have had no serious trouble. 
Some patients have a little nausea—nearly all a 
sense of heat which follows almost immediately 
after the injection—others have an acute urti- 
caria which disappears in a short. time. One or 
two felt a little faint, attributed more to fright 
than any ill effects of the iodine. We now inject 
in the recumbent position; this overcomes much 
of the anxiety. 

Our experience, of course, is somewhat lim- 
ited compared with that of Robb and Steinberg 
who report no serious ill effects in over 500 in- 
jections. 

I believe, with Dr. Burwell, that the proce- 
dure should be limited to those cases in whicha 
diagnosis cannot be made by any other method. 
This applies more particularly to congenital 
heart disease. 


Dr. FariNas (closing). We conceived the 
method of introducing a catheter through the 
femoral artery into the aorta as far as the place 
where the catheter’s free end would lie directly 
in front of the arterial pedicle of an organ af- 
fected with a neoplastic process with the pur- 
pose of introducing into this organ different 
highly concentrated substances with which we 
are experimenting. We now use this method not 
as a routine procedure but in those instances in 
which it is not possible to arrive at a definite di- 
agnosis of lesions located in the aorta, its 
branches or abdominal organs by any other 
method of examination. 


will 
tute 
two | 
Vart | 
is 
{ 
: 
th 
n- 
le 
| 
1- 
d | 
of 
| 
il 
CERO 
- | 
1 | 
t 


NovemMBer, 1941 


DIFFERENTIAL DIAGNOSIS BY MEANS OF 


INTRAVENOUS CONTRAST MEDIUM 
OF TWO CASES SIMULATING 
ANEURYSM OF THE PUL- 
MONARY ARTERY 


By SAMUEL ALCOTT THOMPSON, M.D., F.A.C.S. 


NEW YORK, NEW YORK 


NEURYSM of the main stem or either 

branch of the pulmonary artery is 
found very infrequently. A group of three 
workers reviewed 37,757 consecutive au- 
topsies without a single instance.!:?* 

Up to the present time only 139 cases 
have been found reported in the literature 
and of this number, only 27 have been cor- 
rectly diagnosed before death.’ 


Fic. 1. Case 1. Roentgenogram taken in June, 1939, 
immediately before the intravenous injection of 
diodrast. This reveals a large mass in the left hilar 
region. 


Conditions most frequently requiring a 
differential diagnosis from aneurysm of the 
pulmonary artery are: aneurysm of the 
aorta, patent ductus arteriosus, idiopathic 
dilatation of the pulmonary artery, con- 
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genital heart lesions, especially  inter- 
auricular septal defects, mediastinal tumors 
and tumors of the lung. 

Robb and Steinberg’ recently demon- 
strated a safe method for outlining the 
large vessels of the mediastinum and the 
cavities of the heart, by the intravenous 
injection of diodrast, and this procedure 
has been of particular value in the differen- 
tial diagnosis of aneurysm of the pulmonary 
artery. 

Since aneurysm of the pulmonary artery 
is a rare condition and the antemortem 


Fic. 2. Case 1. Roentgenogram taken three seconds 
after the intravenous injection of diodrast. This 
shows the pulmonary conus and the right and left 
branches of the pulmonary artery to be normal. 
Note the difference in contrast between the left 
pulmonary artery and the mass. 
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diagnosis has been correct in only 20 per 
cent, any additional method of diagnosis is 
especially desirable. 

The reason for reporting these 2 cases lies 
in the fact that in both patients the diag- 
nosis of aneurysm of the pulmonary artery 
had been made by competent diagnostic 
groups, and the elimination of this diag- 
nosis was possible only after the use of an 
intravenous contrast medium. 


REPORT OF CASES 

Case t. J. de S., male, aged forty-two, Portu- 
guese, was admitted to the Flower and Fifth 
Avenue Hospital July 27, 1937. He stated that 
one week previously he had coughed up one 
quart of blood. He complained of a hard cough 
which began six weeks previously. He also had a 
dull pain between the shoulder blades, occasion- 
ally becoming sharp and referred to the left side 
of the chest. Physical examination was essen- 
tially normal. The Wassermann reaction was 4 
plus. The electrocardiogram was _ normal. 
Roentgenography and roentgenoscopy of the 
chest showed a sharply defined mass in the hilar 


Fic. 3. Case 1. Same roentgenogram as Figure 2. The 
left border of the heart, the right and left pulmo- 
nary arteries and the mass have been outlined. This 
eliminates the diagnosis of aneurysm of the pul- 
monary artery. 


Fic. 4. Case 11. Roentgenogram taken in January, 
1940, immediately before the intravenous injection 
of diodrast. Note the mass in the left hilar region. 


region on the left side. The mass was about the 
size of a small orange, and did not pulsate. 
Bronchoscopic examination revealed the left 
lower lobe bronchus to be pushed in toward the 
mediastinum. A diagnosis of carcinoma of the 
lung was made at this time and an operation for 
this condition was performed October 19, 1937. 
At operation a pulsating and expansile mass was 
found and immediately recognized as an aneu- 
rysm. The mass was between the lung and me- 
diastinum anteriorly, and the aorta posteriorly 
and was completely covered by these structures. 
Adhesions were particularly dense and no line 
of cleavage could be established between the 
mass and the surrounding tissues. Because of 
the anterior and lateral position of the mass, it 
was thought to be an aneurysm of the pulmo- 
nary artery involving the main stem and left 
branch, and no further surgical treatment was 
attempted. His postoperative convalescence 
was uneventful. The size of the mass gradually 
increased (Fig. 1) and in June, 1939, the pul- 
monary artery was outlined with diodrast and 
the roentgenograms showed the pulmonary ar- 
tery to be perfectly normal and devoid of any 
aneurysm (Figs. 2 and 3). Further study now re- 
vealed the true diagnosis to be aneurysm of the 
descending aorta. 
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Fic. 5. Case 11. Roentgenogram taken four seconds 
after the intravenous injection of diodrast. This 
shows the left and right pulmonary arteries to be 
normal. Note the difference in contrast between 
the left pulmonary artery and the mass. 


Case 11. An Italian male, aged thirty-seven, 
was admitted to the Flower and Fifth Avenue 
Hospital on February 5, 1940, complaining of 
pain in the left chest anteriorly, shortness of 
breath and swelling of feet and ankles. About 
two years before admission he first noticed the 
shortness of breath which became progressively 
worse, and six months ago caused him to give 
up his work as a laundry man. The pain in the 
anterior part of the left chest was sharp, severe 
and constant, centering around the region of the 
third left costal cartilage, For the past few 
months he had required 3 to 4 grains of mor- 
phine a day. Swelling of the feet and ankles was 
first noticed about six months previously and 
was most marked when he was up and around 
during the day. He also had a cough for the past 
few months, not particularly characteristic, but 
on three occasions he had coughed up a few 
flakes of blood. There was a history of weight 
loss amounting to 8 pounds in the past year. 

A few months prior to admission he was 
examined by a Mid-Western group of clinicians 
and a diagnosis was made of aneurysm of the 
pulmonary artery. Immediately prior to his ad- 
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mission he: was examined by a competent car- 
diologist in New York City who referred him to 
the hospital for wiring of a pulmonary artery 
aneurysm. 
The physical examination revealed very few 
abnormal findings. There was an area of dull- 
ness on percussion with a diameter of about 5 
cm. centered over the third left costochondral 
junction, which was also the region of the great- 
est pain. Breath sounds were absent in this area 
and there were no murmurs or thrills. There was 
osteo-arthropathy of the fingers and toes; elec- 
trocardiogram was normal. Bronchoscopic 
examination showed the left main bronchus 
compressed and displaced downwards and to- 
wards the mediastinum. Roentgen examination 
revealed a mass in the region of the left pul- 
monary artery. This mass was about the size of 
a hen’s egg and seemed to pulsate, although 
this was definitely not expansile (Fig. 4). 
Further roentgen study after the intravenous 
injection of diodrast showed a normal pulmo- 


Fic. 6. Case 11. Same roentgenogram as Figure 5. The 
left border of the heart, the left and right pulmo. 
nary arteries and the mass have been outlined. This 
eliminates the diagnosis of aneurysm of the pul- 
monary artery. 
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nary artery separate and distinct from the mass 
(Figs. 5 and 6). A diagnosis of carcinoma of the 
lung was made and this diagnosis was later con- 
firmed at operation when a squamous cell bron- 
chogenic carcinoma was found. 

COMMENT 


These two cases illustrate the difficulty 
encountered in the differential diagnosis of 
aneurysm of the pulmonary artery, and the 
additional aid which is now possible by the 
intravenous use of an opaque solution after 
the method of Robb and Steinberg. 
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DIVERTICULA OF THE UPPER END OF THE STOMACH 


By H. G. REINEKE, M.D. 


CINCINNATI, OHIO 


* IVERTICULA of the stomach are 

rare’—thus begin two of the most 
comprehensive articles on this subject to 
be found in the recent literature.”” 

Perusal of the available literature reveals 
a surprising number of reports and discus- 
sions covering this abnormality. Martin” 
cites ninety-two pertinent references. In 
our search of the literature we have found 
a number of additional articles to which he 
did not refer. In this paper no attempt will 
be made to review the literature nor to col- 
lect reported cases. 

Some difference of opinion exists as to 
the earliest reported gastric diverticulum. 
Credit is generally given to Fournier’ who 
reported an autopsy in 1774. This report 
was referred to by Voigtel® in such a man- 
ner as to cast some doubt on the correct 
interpretation of Fournier’s description. 
Scattered reports, all of them from autop- 
sies, appeared throughout the nineteenth 
century. It was not until the first decade of 
the twentieth century that any real interest 
developed in the subject and that serious 
discussions began to appear in the litera- 
ture. In the second decade more appeared, 
most of them based on necropsy reports and 
a very few on roentgen findings. Brown* 
was the first to demonstrate a gastric diver- 
ticulum in 1916 before operation. His pre- 
operative diagnosis was gastric ulcer. In the 
third decade, however, a lively interest is 
revealed with an increasing number of case 
reports of diverticula demonstrated roent- 
genologically. By 1923 Tupper™ found 38 
cases reported. In the same period other ex- 
cellent papers appeared by Akerlund,! 
Emery,’ and including 
Kalbfleisch,'® who thoroughly reviewed the 
literature up to that time, and added a case 
of his own. Subsequently, Bell and Golden,’ 
Moore,” Paul," Pendergrass,'* and Rivers, 
et al.’ discussed this condition, each con- 
tributing not only one or more additional 
cases to the literature but adding pertinent 


data as observed by them. The critical 
analysis of Martin” reveals a total of 103 
cases which had been reported up to late in 
1936. 

In considering the subject of diverticula 
in general for some time, | have been im- 
pressed with the necessity of being “‘diver- 
ticulum minded.”’ By this is meant that the 
condition must always be borne in mind. 
Had it not been for this attitude several 
gastric diverticula and many duodenal di- 
verticula might have been overlooked. 

There is no standard technique for the 
demonstration of diverticula of the upper 
end of the stomach. It appears that a com- 
bination of vertical and horizontal positions 
is necessary for the demonstration of this 
abnormality. In our cases this combination 
was responsible for their recognition, 
whereas if only one or the other had been 
employed some would not have been found. 

Gastric diverticula have been defined by 
several authors as “‘circumscribed, more or 
less bag shaped protrusions from the lumen 
of the stomach, containing all three layers.” 
Several classifications have been presented, 
all of them carefully thought out, no doubt, 
but no two of them being in total agree- 
ment. That two basic kinds are found, 
namely, pulsion and traction, seems to be 
accepted. Shiflett” groups them as congeni- 
tal, acquired (pulsion and traction), and 
false diverticula. His classification is based 
on etiology. Martin” simply groups them as 
pulsion and traction, the former being the 
congenital group, the latter presumably the 
acquired type. 

In the congenital group we find those 
gastric diverticula resulting from malfor- 
mation or interruption in development. 
This includes gastric muscle hiatus, local- 
ized absence of gastric muscle and localized 
weakness of gastric muscle. In the latter, a 
sufficient increase in intragastric pressure 
may distend the weak spot until a pouch or 
diverticulum is formed. All of the foregoing 


650 


| 
| 
| 
4 
| 
a 
a 
= 


Vou. 46, No. 5 Diverticula of the Upper End of the Stomach 651 


can undoubtedly be classified as pulsion 
diverticula. 

In the traction type such pouchings, 
folds, protrusions and irregularities as are 
brought about by disease processes in the 
gastric wall are included. At the same time 
extrinsic factors which will cause the gastric 

wall to protrude will produce traction di- 
verticula. 

The most common location for the pul- 
sion type of diverticulum is near the cardiac 
orifice of the stomach. Anatomists agree 
that the poorest muscular development is 
in this area. 

Diverticula of the fundus of the stomach 
may be of various shapes and sizes. The ori- 
fices are usually small and open into en- 
larged sacs through pedicles which may 
vary considerably in length. Occasionally, 
the diameter of the opening may be larger 
than the sac, thus giving the diverticulum 
the appearance of a pouch-like abnormal- 
ity. We have examined a young physician 
several times recently who apparently falls 
into this class but which we are not includ- 
ing in this report because there is some 
doubt about it. Most diverticula will havea 
residue after some hours or days which is a 
valuable aid in diagnosis. When they do not 
retain barium for more than a moment they 
are apt to be undiagnosed. 

The relatively flabby cardiac end of the 
stomach may overlie the fundus of the 
stomach more or less, producing what has 
been called a cascade stomach. This situa- 
tion requires a certain amount of experience 
on the part of the examiner lest it be con- 
fused with diverticulum. It can be imagined 
that this anomaly may have been present in 
some of the instances where the preopera- 
tive diagnosis of diverticulum has not been 
confirmed at the operating table. On the 
other hand, one can readily understand 
why the localization of the opening into a 
diverticulum may not be found at operation 
when one considers the possibility of a very 
small orifice among the coarse folds of mu- 
cous membrane in this area. Furthermore, 
the fundus of the stomach, particularly in 
the region of the cardiac orifice, is compara- 


tively inaccessible surgically which adds to 
the surgical difficulties. 

Symptoms of diverticula of the gastric 
fundus are extremely variable. In one of our 
cases (Case 1) the presence of constant pain 
in the left epigastrium which radiated up- 
ward to the region of the xiphoid, and fre- 
quent belching of gas which had a faintly 
disagreeable odor were so marked that 
operation had to be resorted to. Mostly, 
however, the symptoms vary from moder- 
ate to mild to no symptoms at all. In some 
reported cases where other demonstrable 
conditions have also been present, surgical 
treatment of these other conditions has re- 
lieved all symptoms, even those thought to 
have been referable to the diverticula. 

In considering the symptomatology, an 
attempt was made to so tabulate all the 
various types of pain and discomfort with 
reference to diet, rest, exercise, posture, 
season, etc., but it was given up as unten- 
able. They are so very variable that no cri- 
teria can be enumerated by which one could 
come to recognize the possible presence of a 
diverticulum on the basis of history, no 
matter how painstakingly elicited. Further- 
more, no tabulation of physical findings 
with reference to the location of pain and 

tenderness has been found to be consistent 

enough to be of value. The subject finally 
resolves itself into one of careful clinical and 
roentgenological study of every patient 
with gastroenteric complaints. 

Symptoms in order of frequency have 
been pain in the upper abdomen, more of- 
ten to the left of the midline; belching; pain 
radiating upward under the sternum and 
xiphoid; dysphagia. Cheney and Newellé 
reported 4 cases in 1937 in which no charac- 
teristic symptoms were elicited and stated 
that the roentgen examination is the most 
important examination. 

The incidence of gastric diverticula or 
their relative frequency is very difficult to 
determine since there is no one adequate 
series reported by any one author. In the 
collected cases by Rivers, Stevens and 
Kirklin”! 44.2 per cent were found to be in 
males, 55.8 per cent in females. Diverticula 
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Fic. 1. Case 1. 


have been found in 0.65 per cent of cases by 
Shiflett,” 0.49 per cent by Rigler and Erick- 
sen” and in 0.02 per cent by the Mayo 
Clinic group.”! 

Inflammatory changes are probably not 
frequent in gastric fundus diverticula be- 
cause in the reported diverticulectomies no 
mention is made of them. Carcinoma in 
these diverticula has been reported but it is 
so rare that excision of every diverticulum 
for this possibility hardly seems justi- 
fied.*: 13.14 

Treatment of diverticula is largely a mat- 
ter of judgment. Where they are not symp- 
tom producing they can be ignored. Other- 
wise treatment must be designed to relieve 
whatever symptoms may be present. 
Smooth diets and antispasmodics have been 
helpful. Sedatives for patients with neu- 
roses have brought about relief. Postural 
drainage of a diverticulum is not uniformly 
successful but should be tried. A procedure 
not mentioned anywhere in the literature 
and which has been used in several of our 
cases is to give the patient small amounts of 
barium sulfate daily in order to keep the di- 
verticulum filled with it. This is carried out 
for a period of time up to about three weeks 
with considerable success. 

The following 4 cases are submitted as 
typical instances of diverticula at the upper 
end of the stomach near the cardiac orifice. 
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REPORT OF CASES 

Case 1. Mrs. G. K. G., present age thirty- 
eight. When first examined roentgenologically 
in 1926 because of indigestion and pain in the 
left upper abdomen which was not relieved by 
diet or medication, she was found to have a di- 
verticulum arising near the cardiac orifice. At 
that time it had a twenty-four hour residue. It 
was re-checked repeatedly until 1930 when sur- 
gery was recommended for its removal. At 
operation it was found to arise posteriorly at 
the level of the cardiac orifice. The pedicle was 
so inaccessible that the surgeon withdrew with- 
out removing it. 

In the intervening years I have examined this 
patient at least once annually. For several years 
the diverticulum could not be filled with barium 
by any means whatever. One could usually see 
a gas bubble in the area where the diverticulum 
was known to be. On January 2, 1939, another 
careful examination was done and barium fi- 
nally found its way into the sac (Fig. 1). 

The symptoms at this time have been the 
same as they were originally and surgery was 
again being considered as a last resort. Pain 
was constant and no relief could be obtained. 
At this point it is interesting to note that when 
the patient returned for a twenty-four hour 
study she was cheerful and happier than we had 
seen her for years because she was free of pain 
for the first time in months! On examination a 
barium residue was found in the diverticulum. 
Since then she has been taking small quantities 
of barium and is reasonably comfortable.* 

Case 1. C. B., female, single, aged fifty-three. 
For many years she has been bothered with in- 
definite discomfort under the xiphoid and lower 
sternum. A heart lesion, never decompensated, 
was in some vague way thought by her physi- 
cian to be responsible for this. Finally a gastro- 
enteric examination was done to make sure that 
no contributing factor might be present. This 
revealed a diverticulum near the cardiac orifice 
(Fig. 2) which filled easily and in which a six 
hour residue, but not an eighteen hour residue, 
was found. This patient has been improved by 
(1) taking liquids before solids and (2) by pos- 
tural drainage which was studied roentgeno- 
scopically in order to find the most suitable 
positions for emptying. Whether or not this is 
actually emptying the sac is not known. Never- 
theless, the patient is comfortable. 


* Since this paper was submitted the diverticulum has been suc- 
cessfully removed and the patient has had complete relief. 
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Case ut. Mrs. W. J., aged seventy. An ex- 
tremely neurotic woman with innumerable com- 
plaints involving, from time to time, every sys- 
tem in the body. Among other studies, a gastro- 
enteric examination was done. This revealed a 
diverticulum near the cardiac orifice which 
filled easily and emptied itself within three 
hours (Fig. 3). On preliminary plain films the 
diverticulum is seen to be filled with gas. No 
symptoms can be traced to the diverticulum. 


Case iv. Mrs. W. K., aged sixty-five. This 
patient fell last autumn (1939) and fractured 


Fic. 2. Case 11. 


the twelfth dorsal body. She was put to bed for 
six weeks, on her back most of the time. During 
this period she developed discomfort under the 
xiphoid which she had not had before. After she 
had been up and about for several weeks she 
came for a gastroenteric study at which time a 
diverticulum near the cardiac orifice was found 
which is in every respect identical roentgeno- 
logically with that of Case tt. Speculation as to 
the reason for this diverticulum becoming 
symptom producing at this time is interesting, 
assuming that it has always been there. Is it 
possible that because of the position which she 
was in so much of the time because of her spine 
injury, some degree of stasis occurred in the sac 
which caused a low grade diverticulitis? This 
patient went to a southern resort after this 
examination and hence we have not been able 
to study the case further nor do we know 
whether or not she is improved. 


Diverticula of the Upper End of the Stomach 
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SUMMARY 


(1) Diverticula of the stomach are rare, 
occurring in less than 0.05 per cent of cases. 

(2) They are most common near the car- 
diac orifice. 

(3) Many are symptomless. When symp- 
toms are present they follow no consistent 
pattern or formula. 

(4) They probably have their origin in 
some congenital defect. 

(5) The roentgen findings are character- 
istic. 

(6) Treatment is rarely surgical. It must 
be planned to meet the requirements of 
each case individually. 
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MEGACOLON 


By HORACE W. SOPER, M.D., F.A.C.P. 


ST. LOUIS, MISSOURI 


HERE is a considerable degree of con- 

fusion in the literature in regard to 
megacolon. It would seem better to reserve 
the term megacolon or Hirschsprung’s dis- 
ease for the congenital type of neurogenic 
origin. It was first described by Ammon in 
1842, but Hirschsprung’s® classical account 
of the disease in 1886 established it as a 
clinical entity. 

Megacolon is characterized by a dilata- 
tation of the distal colon with hypertrophy 
of the muscular coats. Later on in life the 
peritoneum and mesacolon are thickened, 
the blood vessels and lymphatic vessels and 
glands are enlarged, and the mucous mem- 
brane becomes thickened and is frequently 
ulcerated. The majority of the cases appear 
to originate at the rectosigmoid junction, 
but at times the dilatation begins at the 
anal sphincter. It is generally accepted that 
an embryonic defect occurs, a preponder- 
ance of the contractile nerve fibers with a 
weakness of the relaxing fibers, a condition 
that Hurst terms achalasia. Rankin believes 
that the pathogenesis is mixed; that’the em- 
bryonal defect may exist in the motor 
mechanism of the bowel, combined with 
ectasia of the wall of the colon. 

The symptoms appear soon after birth: 
intractable constipation with general ab- 
dominal distention. The history, physical 
examination and roentgen findings estab- 
lish the diagnosis. The child usually suffers 
from a secondary anemia and general mal- 
nutrition. A large, protuberant abdomen is 
pathognomonic of the disease. An acquired 
enlargement of the colon may occur from 
lesions producing chronic obstruction. 

There is another type of colon that is er- 
roneously termed megacolon; viz., the 
large, redundant, hypotonic colon. This 
type usually occurs in persons of the as- 
thenic habitus, and a low degree of tonus 
finally produces extreme redundancy and 
hypotonicity. Pathologically this type of 
colon does not exhibit the hypertrophy and 
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thickening of the wall that is found in true 
megacolon. Bargen, Adson, Lundy and 
Dixon! report cases of functional abdominal 
distention simulating megacolon. 

An acquired form occurs quite fre- 
quently. It consists of dilatation of the rec- 
tum with strong spasm of the anal sphincter 
and spastic descending, iliac and pelvic 
colon. The patient is of sthenic or hyper- 
sthenic habitus. I have secured good results 
in this type by a smooth diet, gradual me- 
chanical dilatations of the anal sphincter 
and the employment of mineral oil reten- 
tion enemas. 

Surgical Treatment of Megacolon. Many 
forms of surgical treatment have been em- 
ployed for megacolon—entero-anastomo- 
sis, ileosigmoidostomy, resection, appen- 
dicostomy, colostomy and ileostomy. In 
my series of 50 cases ileosigmoidostomy was 
performed on 10 patients. Two were suc- 
cessful, the patients securing good colonic 
function. In the 8 remaining cases reverse 
peristalisis carried the fecal matter back up 
to the cecum, and all the patients eventu- 
ally died of intestinal obstruction. In 4 
cases, ileostomy produced good results, the 
colon showing considerable reduction in 
size a year or more after the operation. In 3 
patients resection was done, 2 patients sur- 
viving the operation with good function. 

Sympathectomy was first suggested by 
Wade and Royle® in 1927. Judd and Adson? 
reported 2 satisfactory cases in 1928. Watts 
and Uhle’® reported 3 cases in which hy- 
potonic bladder was associated with mega- 
colon. Adson states that the mortality rate 
in surgery of the colon in cases of megacolon 
was 25 per cent; he reports 22 cases of 
megacolon having sympathectomy at the 
Mayo Clinic, with 2 deaths. Ages ranged 
from five months to nineteen years. The re- 
sults were excellent when only the descend- 
ing colon and sigmoid were involved. When 
the megacolon extended to the left half of 
the transverse colon the results were not so 
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have used the following method of pallia- 
tive treatment. I give 30 to 60 minims of 
extract cascara sagrada fluid,* t.i.d. before 
meals to produce steady regular stimula- 
tion of the colonic wall. Every third day an 
enema is given of 2 quarts of 10 per cent 
solution of sodium sulphate. It must be 
given slowly through a funnel attached to a 
No. 28 French soft rubber catheter with the 
patient in the knee-chest posture. The pa- 
tient now reclines and a moist compress is 
held against the anus to hold in the solution 
as long a time as possible. In a number of 
cases the results were quite satisfactory, the 
carmine colored meal being evacuated in 
from four to five days. 

It is true that the cascara eventually pro- 
duces pigmentation of the mucosa as 
Bockus, Willard and Bank? have demon- 
strated, but I have never observed any del- 
eterious effects from prolonged employment 
of the drug. 

The sodium sulphate solution is selected 


Fic. 1. Girl, aged eleven; entire colon enormously 
dilated just down to the sigmoid flexure. Ileosig- 
moidostomy was performed with good results. 


good. Dixon* advises resection as the best 
type of operation. He employed the two- 
stage procedure, operated upon 7 patients 
and excellent results were obtained in 6 
cases and there was but one death. He ad- 
vises that sympathectomy be reserved for 
the patient during the first three to five 
years of life. After the second or third 
decade of life he believes resection is the 
procedure of choice. He points out that 
sympathectomy in the male produces im- 
potence and this should always be taken 
into consideration before the operation is 
advised. Rankin advises lumbar ganglli- 
onectomy or division of the presacral and 
inferior mesenteric nerves for the congenital 
type of megacolon. Eiss‘ reports the history 
of a case of megacolon in a male, aged 
fifty-nine. The dilatation involved the pel- 
vic, iliac and descending colon. He resected 
the entire dilated colon with end-to-end 
anastomosis and had splendid results. 

Irrigations and all kinds of cathartics 
have been employed in the medical treat- 
ment of megacolon. For the milder CASES and Fic. 2. This film was secured on same patient one 
the severe forms in which operative inter- year later showing good function following ileo- 
ference did not appear to be justified, | sigmoidostomy. 


* Parke, and Davis Company. 
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for the enema because it stimulates the con- 
tractile fibers of the colon without being 
absorbed by the mucosa—in contrast to the 
sodium chloride and other solutions em- 
ployed as enemas. 

The following case report is of extreme 
interest: 


Patient, female, aged sixteen. Constipation 
since birth. She was well developed, sthenic 
type with no undue abdominal prominence. 
She was athletic, skating and swimming being 
her favorite exercises. She was § feet 6 inches 
tall, weight 115 pounds. 

Barium enema disclosed a very large colon 
Hirschsprung’s type. Rectum was normal in 
size, the dilatation beginning at the rectosig- 
moid junction. Proctosigmoidoscopy revealed 
that the rectum was 6 inches long with normally 
developed valves, opening at once into the 
large dilated colon. It required 3 gallons of 
barium mixture to fill the colon. She made good 
response to the cascara and sodium sulphate 
regimen. It is interesting to note that the urine 
showed a very small indoxyl content. She did 
not suffer from headaches or any of the usual 
symptoms of intestinal toxemia. She was kept 
under treatment for four years, finally the ques- 


lic. 3. Large atonic colon often mistaken 
for true megacolon. 
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Fic. 4. Large megacolon in girl, aged sixteen. It re- 
quired 3 gallons of barium mixture to fill it. Death 
after sympathectomy and sacral ganglionectomy. 


tion of marriage and possible pregnancy was 
raised at the age of twenty years and after con- 
sultation the operation of presacral nerve resec- 
tion and left lumbar ganglionectomy was ad- 
vised. 

This operation was performed by Dr. J. W. 
Thompson on March 12, 1938. A stormy post- 
operative condition developed. The abdomen 
became distended and the large colon filled with 
liquid feces which was siphoned off, 3,000 to 
4,000 cc. daily. She was remarkably dehy- 
drated; the intravenous fluids appeared to 
empty at once into the dilated colon. She failed 
rapidly but was kept alive until she finally de- 
veloped general peritonitis. Death occurred on 
April 15, 1938. Autopsy report by Dr. W. J. 
Siebert is as follows: 

_1. Short small intestine (10 feet) fairly well col- 

lapsed. 

2. Congenital megacolon beginning at the sig- 
moid-rectal junction. (No mechanical obstruc- 
tion, probably neurogenic origin.) 

3. Chronic ulcerative ileitis, colitis and proctitis. 

4. Visceroptosis, extreme. 

5. Diaphragm up to the third interspace, ante- 
rior on right; fourth on left. 

6. Extreme dehydration and exsanguination es- 
pecially of the lungs. 
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Fic. 5. Same patient, showing high diaphragm and 
small heart, a remarkable biological adaptation to 
environment. This patient had no protuberant 
abdomen. 


7. Small heart and hypodevelopment of vascular 
system. 

8. Atherosclerosis of aorta. 

g. Presacral sympathectomy 
month. 

10. Hypertrophic pyloric stenosis (moderate). 

11. Extreme, acute dilatation of the stomach. 

12. Localized fibrinous peritonitis, secondary to 
intestinal obstruction. 

13. Extreme dehydration. 

14. Old appendectomy. 

15. Chronic splenitis, dark, black, firm. 


(left side) one 


Summary. A case of neurogenic type of congenital 
severe megacolon (Hirschsprung’s disease) that de- 
veloped an uncontrollable diarrhea after a presacral 
sympathectomy but marked reduction of size of 
colon, this permitting a volvulus to occur from the 
marked lengthened mesentery of the small intestine. 


There have been several reports in the 
literature on the employment of spinal an- 
esthesia as a therapeutic measure in cases 
of megacolon. The good results appear to be 
only temporary in character and the cases 
probably belong to the class which we des- 
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ignate as the large hypotonic colon and not 
true megacolon. 

After a general review of the literature as 
well as the cases that have come under my 
personal observation, I would conclude that 
sympathectomy should be discarded and 
that resection according to Dixon’s method 
should be employed for all cases of true 
megacolon, with the possible exception of 
ileostomy in those patients suffering from a 
severe form of malnutrition. If this pro- 
cedure is successful, colectomy may be con- 
sidered later on. Ileostomy has advantages 
over colostomy: the feces are devoid of in- 
dol and skatol odors, the patient suffers less 
discomfort, and ultimately the terminal 
ileum becomes dilated and its rate of motil- 
ity is decreased. I have records of 12 pa- 
tients who have maintained a good state of 
nutrition—from five to twenty years after 
permanent ileostomy was performed. 
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CASES OF NONSPECIFIC BONE INFECTION WITH 
UNUSUAL OR OBSCURE FEATURES 


By RAYMOND W. LEWIS, M.D. 
Roentgenologist, Hospital for Ruptured and Crippled 


NEW YORK, NEW YORK 


HE following cases of bone infection 

are presented, largely because they are 
of interest in themselves, but partly be- 
cause they emphasize that precise roentgen 
diagnosis in bone infections is sometimes 
very difficult. 

Case 1. F. K. (history No. H31-128), male, 
aged six, was brought to the hospital with a his- 
tory of a tumor of the left anterior chest wall 
of only two weeks’ duration. He was admitted 
for diagnosis and treatment. 

Examination showed a large tumor from the 
second to the fifth ribs. Roentgen examination 
(Fig 1) showed a large hole in the second rib, 
with slightly expanded, smooth, rather dense 
walls. The preoperative clinical diagnosis was 
tuberculosis. At operation a large abscess com- 
ing from the rib was drained. Convalescence 
was satisfactory. He was discharged two weeks 
after operation to be followed in the clinic. 

Culture showed staphylococcus. Guinea pig 
injection was negative for tuberculosis. Patho- 
logical report: granulation tissue showing areas 
of abscess formation and elsewhere richly in- 
filtrated with round cells and polymorphonu- 
clears. No evidence of tuberculosis. Diagnosis: 
acute osteomyelitis of rib. 


Comment. From the roentgen findings 
alone, a positive diagnosis seemed impos- 
sible. The bone about the defect in the rib 

as not eburnated sufficiently to indicate 

an ordinary bone abscess, or to exclude 
possibilities such as congenital malforma- 
tion, cyst, or chondroma. The appearance 
was consistent with the provisional pre- 
operative clinical diagnosis of tuberculosis. 
The finally established bacteriological and 
histological diagnosis of staphylococcus ab- 
scess was rather surprising. 

Case u. R. C. (history No. C149-816), male, 
aged seven, was brought to the clinic with the 
history that four months previously he had hurt 
his ankle. A few days later there was pain and 
swelling, with temperature rise. The family 
physician made an incision over the lateral 
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malleolus, pus was found. The symptoms sub- 
sided, and he went about with a limp until two 
days ago, when the swelling and pain recurred. 

Examination at this clinic showed much 
swelling about the ankle. A roentgenogram 
(Fig. 2) showed tremendous soft tissue swelling, 
with extensive destructive changes in the pos- 
terior portion of the astragalus. The condition 
was thought to be tuberculosis. Ten cubic centi- 


Fic. 1. Case 1. Staphylococcus bone abscess. 


meters of yellow fluid was aspirated, plaster 
was applied, and the patient was instructed to 
return in six weeks. Smears of the yellow fluid 
showed pus cells and no organisms, culture 
showed Staphylococcus aureus, guinea pig in- 
jection was negative for tuberculosis. 

The patient showed great improvement upon 
his return in six weeks (Fig. 3). He was kept in 
plaster about a year, with steady improve- 
ment, at which time the condition seemed 
healed or entirely quiescent both clinically and 
by roentgen examination. 
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Fic. 2. Case 11. Staphylococcus abscess of astragalus. 


Comment. Two facts in this case are 
interesting. First, that a condition so like 
tuberculosis clinically and roentgenologi- 
cally was found to be a staphylococcus 
infection. Second, that such a_ severe 
staphylococcus infection showed such re- 
markable improvement in six weeks, and 
went on to healing, with no other treat- 
ment than diagnostic aspiration and plaster 
immobilization. 


Case 111. K. B. (history No. H30-900), male, 
aged twelve, gave a history that about two 
weeks previously he had mild upper respiratory 
infection. After about two days there was pain 
in the left thigh just above the knee. This was 
dull and aching. One evening, after a feverish 
day, temperature was 103° F. There was no 
local redness nor swelling, but there was tender- 
ness 4 or § inches above the knee. He stayed in 
bed twenty-four hours, the symptoms sub- 
sided, but he continued to have dull, throbbing, 
non-radiating pain in the left thigh. 

Examination showed increased heat over the 
lower left femur, with superficial veins slightly 
dilated. No redness nor swelling. There was 


tenderness to deep pressure anteriorly and 
medially, not sharply localized. Rectal tempera- 
ture 100° F. Sedimentation rate was 12 mm. in 


Fic. 3. Case 11. Same as Figure 2, six weeks later. 
Only treatment diagnostic aspiration and immobi- 
lization in plaster. 
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one hour. There was no leukocytosis. Aspiration 
biopsy was negative for tumor. Cultures were 
negative. The condition was thought to be low 
grade staphylococcus infection. 

Patient was started on staphylococcus toxin 
treatment, and was kept in bed for nineteen 
days, then about the ward for ten days more. 
Toxin treatment was continued for about one 


Fic. 4. Case 111. Lesion resembling bone cyst or cartilage inclusion. Compare with Figure 6. 
Probable diagnosis staphylococcus abscesses. 


and a half years. Patient had slight intermittent 
symptoms for about fourteen months, has had 
no symptoms for the past six months. 

Roentgen examination on admission (Fig. 4) 
showed small cyst-like rarefactions in the lower 
femoral shaft. Roentgenograms sixteen months 
later (Fig. 5) showed that the lesions had dis- 
appeared. The bone at this time showed slight 
sclerosis in this region, which was interpreted as 
indicating healing. 

Case iv. R. A. (history No. H34-132), male, 
aged sixteen, came into the hospital for opera- 
tion for recurring dislocation of the right 
patella. Incidental roentgen findings (Fig. 6) 
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were the presence of small cyst-like rarefactions 
in both lower femoral shafts. The roentgen 
findings were identical with those in Case 11. 
In the course of operation, the small cyst-like 
rarefactions in the right lower femur were ex- 
cised for microscopic study. The pathological 
report was giant cell variant of osteitis fibrosa 
cystica. 


Comment. Cases u1 and Iv are of interest 
for two reasons: (1) Reasonably certain 
diagnoses were obtained in a frequently 
encountered but seldom diagnosed bone 
condition. When these small cyst-like rare- 
factions are encountered, the condition is 
usually guessed to be growth defect of 
bone, cartilage inclusion, or cyst. Since 
operation or biopsy is usually not indicat- 
ed, the diagnosis usually remains unestab- 
lished. (2) In two roentgenologically iden- 
tical conditions, two totally different 
pathological processes were found. In 
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Fic. 5. Case 111. Same as Figure 4, sixteen months later, after staphylococcus 


toxin treatment. Disappearance of lesions. 


Case 111 a final diagnosis of staphylococcus 
infection of bone seems warranted; in Case 
Iv a histological diagnosis of giar: cell 
variant of bone cyst was established. 


Case v. L. S. (history No. H14-883), male, 
aged seven, was seen in the clinic on January 
24, 1934, with a history of inability to walk on 
the left heel for the past week because of pain. 
Examination showed marked tenderness about 
the calcaneus, some heat. A roentgenogram at 
that time was negative. The symptoms per- 
sisted, and the boy was admitted to the hospi- 
tal on February 6, 1934. A roentgenogram on 
February 7 (Fig. 7) showed a large area of de- 
struction in the calcaneus, with what appeared 
to be a small central sequestrum. Incision and 
drainage March 1, 1934. Culture showed gram- 
positive staphylococcus. Pathological report: 
chronic osteomyelitis. Patient was seen in the 
end-result clinic on January 29, 1935. The 
wound was completely healed, there was a nor- 
mal range of motion. 


Case vi. N. M. (clinic No. C115-951), male, 
aged thirty-two, was followed in the clinic from 
April 28, 1936, to July 21, 1936, with the com- 
plaint of a discharging sinus on the lateral as- 


pect of the right os calcis. His previous history 
stated that he had been admitted to Roosevelt 
Hospital on May 15,.1935, with a history of a 
year’s pain, redness, swelling, and tenderness 
over the os calcis. Two days after admission to 
that ‘hospital, the bone cavity was opened, 
curetted, and packed with iodoform gauze. The 
wound did not close. The pathological report 
was osteomyelitis due to tuberculosis. 

A roentgenogram taken on May 1, 1936 (Fig. 
8) showed the destruction in the calcaneus. Pa- 
tient was treated conservatively in this clinic, 
the sinus did not close, the patient disappeared. 


Comment. Cases v and vi presented iden- 
tical roentgen findings, and were indistin- 
guishable roentgenologically. Case v was 
staphylococcus bone abscess, Case vi tu- 
berculous bone abscess. 


Case vi. S. A. (history No. H30-682), male, 
aged twenty-five, gave a history of insidious 
onset of intermittent limitation of motion in 
the elbow, ten years’ duration, without known 
injury. Symptoms usually lasted only a few 
days. About four months ago, the symptoms 
became more severe, were not relieved by the 
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ic. 6. Case 1v. Lesions identical with Figure 4. Histological diagnosis giant 
cell variant of osteitis fibrosa cystica. 


usual hot applications. Aspiration by the local 
doctor withdrew about 40 cc. of seropurulent 
material. The joint has since remained painful 
with. limited motion. Examination showed 
swelling posteriorly between the olecranon proc- 
ess and the lateral condyle, and a little limita- 
tion of motion. No tenderness, no pain on mo- 


tion. Roentgen examination (Fig. 9) showed a 
sharply defined, rounded rarefaction above the 
capitellum and lateral to the olecranon fossa, 
with a good deal of density in the surrounding 
bone. 

On January 20, 1939, exploration and biopsy. 
A bone cavity filled with yellow gray granula- 
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Fic. 7. Case v. Staphylococcus abscess of calcaneus. 


Compare with Figure 8. 
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tion tissue was found. Culture was sterile. The 
wound healed promptly. Pathological ge 
connective tissue, sclerotic blood vessels, few 
spicules of dead bone, areas of round ail in- 
filtration. The appearance suggests an old in- 
flammatory condition of the nature of Brodie’s 
abscess. 

Subsequently the patient had a number of 
recurrences of pain and swelling, sometimes 
with elbow synovitis. Three aspirations and 
guinea pig inoculations were negative for tuber- 
culosis. 


Case vi. M. R. (hospital No. H26-930), 
male, aged thirty-eight, was admitted June 23, 
1937. Seven or eight years ago, without history 
of injury or infection, he had a swollen left knee. 
This was aspirated three times by a local doctor. 
Since then he has had occasional swelling of the 
knee, with symptoms more marked recently, 
Examination showed slight swelling of the left 
knee joint, no redness, heat, or tenderness. A 
roentgenogram (Fig. 10) showed a quite sharply 
defined, rounded rarefaction just above the 
medial tuberosity, situated posteriorly. There 

was no reaction in the surrounding bone. 


Operation June 26, 1937. A Brodie’s abscess 


Fic. 8. Case v1. Tuberculous abscess of calcaneus. Comps re Figure 7 
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Fic. 9. Case vit. Probably non-tuberculous bone abscess. Compare with Figures 10 and Il. 


Kic. 10. Case vit, S:aphylococcus bone abscess. Compare with Figures 9 and 11. 
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Fic. 11. Case 1x. Tuberculous bone abscess. Compare with Figures 9 and to. 


was curetted out. The wound closed primarily, 
there was uneventful recovery. Culture and 
smear showed staphylococcus. Patient was seen 
December 12, 1938; there had been no recur- 
rence of symptoms. 


Case 1x. J. L. (history No. H24-715), male, 
aged forty-five, was seen in the clinic Decem- 
ber 2, 1936. About thirteen years ago he noticed 
a small swelling on the outer side of the calf, 
just below the knee joint. There was slow in- 
crease in size. Pain and discomfort have been 
present the past two weeks. He went to Memo- 
rial Hospital where roentgenograms were 
taken (Fig. 11) showing a large area of bone de- 
struction in the lateral condyle of the tibia, 
with a very large overlying soft tissue mass. 
Aspiration was done, 20 cc. of thick fluid was 
obtained in which tubercle bacilli were found. 

Examination in this clinic showed a large 
fluctuant swelling covering the lateral aspect 
of the left leg from knee joint line to the junc- 
tion of the upper and middle thirds of the leg. 

On December 31, 1936, there was incision 
and drainage with primary closure of the 
wound. Smear showed tubercle bacilli. Patho- 
logical report: probably tuberculosis. 


The abscess re-formed. Incision and curettage 
on February 27, 1937, with primary closure. 
Guinea pig inoculation was positive for tuber- 
culosis. Patient was seen February 28, 1938, at 
which time he was clinically and roentgeno- 
logically well. 


Comment on Cases VII, VIII and 1X. 
Cases vil and viii presented interesting 
problems in diagnosis. In Case vii there was 
too much reaction in the surrounding bone 
to suggest anatomical variation. Likely di- 
agnoses were tuberculous or non-tubercu- 
lous abscess. The rather limited reaction in 
the surrounding bone favored the former 
diagnosis; the history of onset following a 
boil favored the latter. In Case vill we 
could not determine whether the condi- 
tion was infection, giant cell tumor, or neo- 
plasm. 

A reasonably certain final diagnosis in 
Cases vil and vill was non-tuberculous 
abscess. Case 1x, which presented many 
similar roentgen findings, was a_tuber- 
culous abscess. 
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THE ROENTGENOLOGIC ASPECTS OF SUBUNGUAL 
GLOMUS TUMOR 


By EDWIN L. RYPINS, M.D. 


BLOOMINGTON, ILLINOIS 


MONG the various terms applied to 
glomus tumors have been angioneu- 
roma, Popoff tumors, arterial angioneu- 
roma of Masson (Humphrey and Brain- 
ard®), angiosarcoma, subcutaneous painful 
tubercle, perithelioma, glomangioma, an- 


Clomus Artery) 


Culaneous 
artery 


Affetent 
(Sucquet Hoyer 
Canal ) 
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dant at the tips of the extremities under the 
nails. The normal cutaneous glomus is found in 
the reticular layer of the cutis and consists of an 
afferent artery and a collecting vein. The affer- 
ent artery divides into from 2 to 4 branches 
which have been named the Sucquet-Hoyer ca- 
nals. These canals are lined internally by endo- 
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Fic. 1. Schematic drawings of glomus. 4, showing relation of glomus to skin, and B, magnification of 
central part of 4. This is the portion of the glomus which undergoes the hyperplastic changes observed in the 
glomus tumors. (Reproduction through courtesy of Larson and Bennett and Western Fournal of Surgery 


and Obstetrics.) 


giome and neuromyo-arterial glomus (Lar- 
son and Bennett*). Glomus tumor is prob- 
ably the term of choice since it is the one 
generally accepted by various writers. 


Briefly the neuromyo-arterial glomus is a nor- 
mal vascular anastomosis which is distinctive in 
that it is arteriovenous with no intervening cap- 
illaries and that it has a peculiar architecture 
which includes smooth muscle and nerve fibers. 
(See Fig. 1.) The glomus is distributed widely 
over the surface of the body but is most abun- 
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thelium which is surrounded by a layer of smooth 
muscle. Among the muscle fibers are large cells 
with a round nucleus and clear cytoplasm which 
have been variously termed epitheloid cells, 
endothelial cells, perithelial cells, modified mus- 
cle cells and glomus cells. The exact origin of 
the cells has not been determined but the ma- 
jority of opinions seem to favor a myogenic ori- 
gin. The glomus cells are innervated by a rich 
network of nonmyelinated nerve fibers. The 
Sucquet-Hoyer canals drain directly into col- 
lecting veins (Larson and Bennett’). 
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The function of the cutaneous glomus is 
concerned with heat regulating which is 
done by alternating the flow or volume of 
blood in the capillary bed. This fact has 
been shown experimentally (Radasch"). 
Most of these neuromyo-arterial bodies are 


Edwin L. Rypins 


NovemBer, 1941 


and development of this system takes place 
in the first months of postnatal life (Rad- 
asch!'), 

Organic overgrowths of the normal glo- 
mus may produce cutaneous tumors. These 
tumors are always small, the largest re- 


Fic. 2. Roentgenograms of the right fifth finger in April, 1939, before the glomus tumor was removed. Note 
the fairly clean-cut destruction of the cortex of the distal end. 


found in the skin or subcutaneous tissue of 
the hands and feet and thus the majority of 
glomus tumors are found in these parts 
(Humphrey and Brainard,’ Lewis and Ge- 
schickter*). Thermal, tactile and chemical 
stimulation will produce dilatation of these 
arteriovenous anastomoses (Larson and 
Bennett*). This system is absent in the fetus 


ported being 3 cm. in diameter (Larson and 
Bennett). One-third of the tumors have 
been subungual and nearly one-half have 
occurred in the digits (Oughterson and 
Tennant’®). The tumors are usually purple- 
blue or bluish- to violet-red*. in color and 
lie within the cutis. Bailey? reports that 
about $0 per cent of tumors occurred in the 
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Fic. 3. Roentgenograms of the fifth finger of right hand September, 1940. Note the absence of a portion of 
the medial border of the terminal phalanx which was removed previously and no pus discovered. The 
destruction of the terminal portion of the phalanx is less apparent at this examination indicating healing 


since the tumor was removed. 


subungual region. Various other sites have 
been reported such as the knee, elbow or 
trunk. Tumors are usually single although 
Adair' and Bergstrand and Touraine! re- 
port multiple ones. The etiology of trauma 
seems to be questionable. Mason and Weil? 
noted trauma in only 36 per cent of the 


cases. Theis states that a history of injury 
is given in $0 per cent of cases. 
Histologically the glomus tumor is char- 
acterized by dilatation of the lumen of the 
Sucquet-Hoyer canal and hyperplasia of 
the glomus cells. There is dilatation of the 
arterial Jumina which accounts for the he- 
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Fic. 4. High power magnification of section of 
glomus tumor. 


mangiomatous appearance of the tumor. 
Nerve fibers both myelinated and non- 
myelinated are found between and termi- 
nating in the glomus cells (Larson and 
Bennett). The glomus cells are the ones 
upon which the diagnosis rests. These large 
cuboidal cells have a circular nucleus with a 
well-stained reticular chromatin and a well- 
marked limiting membrane as shown by 
Masson’s trichrome stain. There seems no 
doubt that this is the same type of cell seen 
in the wall of the Sucquet-Hoyer canal of 
the normal arteriovenous anastomosis of 
the skin (Lendrum and Mackey’). The tu- 
mors may best be classified as hamartomas 
rather than as true neoplasms since they 
originate in and more or less reproduce a 
normal structure of the body (Larson and 
Bennett). 


REPORT OF CASE 


Female, white, aged twenty-three, was re- 
ferred for roentgen examination of the fifth fin- 
ger of the right hand on April 24, 1939 (Fig. 2). 
In April, 1938, the patient began having pain in 
the end of the little finger of the right hand 
which interfered with her occupation of stenog- 
rapher. Pain would keep her awake. She ob- 
tained considerable relief by having the nail 
scraped. At the time of the roentgen examina- 
tion the end of the fifth finger was definitely 
swollen and tender but no color changes in 
either the finger or nail were noted. In June 
1939, an incision was made along the medial 
border of the tip of the right little finger. A por- 
tion of the bone was curetted but no pus was 
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discovered, Patient had complete relief of pain 
until April, 1940. At this time a reddish spot, 
pinhead in size, was noted just under the mid- 
dle of the nail. The distal half of the nail was 
removed and a small tumor readily shelled out 
from underneath the nail bed. On September 6, 
1940, the nail had practically grown out and 
patient was perfectly free of all symptoms (Fig. 
3). On pathological examination by Dr. B. 
Markowitz a diagnosis of glomus tumor was 
made (Fig. 4). 

Addendum. The patient returned on June 20, 
1941, with the statement that approximately 
six months ago, or roughly six months following 
the removal of the glomus tumor, she had a re- 
currence of symptoms. The nail was purple in 
color and the patient was extremely tender to 
the slightest pressure over the edge of the nail 
but not over the sides of the finger. No definite 
white points were seen over the nail. Roentgen 
examination on June 20, 1941, showed a very 
small, clean cut area of destruction just medial 
to the area seen on April 24, 1939 (see Fig. 2). 
This new area of destruction was diagnosed as 
another glomus tumor. To date (October to, 
1941) the patient has refused further surgical 
procedures although she admits that the symp- 
toms are definitely more severe than in June, 
1941. 

COMMENT 


The characteristic clinical finding in a 
glomus tumor is the extreme pain of the ex- 
tremity which may be present before the 
tumor is visible (Humphrey and Brainard). 
Lewis and Geschickter record one case in 
which the tumor was of such minute size 
that it was not located until the third op- 
erative attempt. Pain is described as burn- 
ing, piercing, exquisite, agonizing and 
bursting.'*:? Invariably the tumor is sensi- 
tive to pressure and in some cases it is asso- 
ciated with neurologic or vascular changes 
such as hyperesthesia and increase in tem- 
perature of the skin. Examination reveals 
a pea-sized tender tumor, which, when sub- 
ungual, has almost always a peculiar bluish 
tinge showing through the translucent nail 
(Raisman and Mayer"). For an excellent 
photograph of this tumor the reader is re- 
ferred to the article by Raisman and 
Mayer™. They state that the roentgeno- 
gram may show a minute crater-like de- 
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pression of the dorsal cortex of the terminal 
phalanx. Stout’? has noted a “hollowing 
out” of the bone in the roentgenograms of 3 
cases. Oughterson and Tennant suggest 
that the tumor because of its pulsatile char- 
acter when in contact with bone frequently 
erodes through the cortex like an aneurysm. 
Mason and Weil® state that the roentgeno- 
gram in the case of glomal tumor will fre- 
quently reveal a small, shallow depression 
in the distal phalanx and Becker* states 
that “occasionally erosion of the terminal 
phalanx may be seen on Roentgen exami- 
nation. 

In the differential diagnosis lesions such 
as subungual fibroma and papilloma, gan- 
glion and melanotic whitlow must be ruled 
out by history or biopsy. According to 
Raisman and Mayer” the subungual mel- 
anoblastoma may cause difficulty in differ- 
ential diagnosis. If the glomal tumor is 
not situated beneath the nail it must be dif- 
ferentiated from warts, nevi, lipomas, fibro- 
mas and small sebaceous cysts. Subungual 
exostosis should be bony hard and seen on 
the roentgenograms as such rather than as 
a destruction of the cortex (Fig. 2). They do 
not cause pain or bluish discoloration and 
are much more common in children. Sub- 
ungual corn may occur at any age but does 
not cause pain or bluish discoloration. This 
is also true of subungual papilloma. Sub- 
ungual fibroma is apt to distort the fingers 
and toes as well as the nails. There is no 
pain or discoloration. Epithelial bone cysts 
of the terminal phalanx do not cause this 
clean-cut destruction of the cortex. Sub- 
ungual enchondromata are multiple. The 
subungual angiokeratoma causes a red spot 
under the nail and, according to Raisman 
and Mayer, is not diagnosed except by 
biopsy. Boeck’s sarcoid causes damage to 
the growth of the nail and is an ovoid, hard, 
paronychia-like lump with a blue-red color. 
Melanoblastoma is the most common ma- 
lignant subungual tumor, which apparently 
has a slow growth. After a long period of 
time ulceration of the subungual tumor oc- 
curs with either spontaneous or operative 
removal of the nail. The wound does not 
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heal and pigmented dots are noted. Usually 
by the time a definite diagnosis is made 
metastases have occurred. Commonly the 
bluish-black spot seen under the nail re- 
sembles somewhat that seen with the glo- 
mus tumor but microscopically there is not 
the least resemblance. Raisman and Mayer 
neglect to state whether there are any bone 
changes in melanoblastoma but one would 
gather that there are not. The pyogenic in- 
fections of the terminal phalanx involve the 
periphery and with involvement of the cor- 
tex one would expect a more ragged lesion 
to result rather than the clean-cut one 
noted in Figure 2. 

Simple excision is all the treatment nec- 
essary. Glomus tumors are benign and do 
not recur after removal (Larson and Ben- 
nett, Raisman and Mayer) but it is possible 
for the tumor to reappear long after opera- 
tion (Stout). 


CONCLUSIONS 


(1) Quoting Adair,! “There is no other le- 
sion in the entire realm of oncology which 
gives the tell-tale clinical features of the 
glomus tumor.” 

(2) When the roentgenologist sees a clean- 
cut destruction of the cortex of a terminal 
phalanx a glomus tumor should be sug- 
gested as the most likely possibility for the 
cause of the destruction. 

(3) A history of excruciating pain of the 
terminal phalanx, with or without a dis- 
coloration or tumor underneath the nail, 
and a clean-cut destruction of the cortex of 
a terminal phalanx is diagnostic of a glomus 
tumor. 

(4) A case of subungual glomus tumor 
showing definite bony change is reported. 


I wish to thank Dr. George W. Stephenson for 
supplying the clinical data for this case. 
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IRRADIATION OF THE PITUITARY GLAND IN 
POSTERIOR LOBE HYPERFUNCTION 
CONTROLLED BY BIOLOGIC TESTS* 


By EUGENE P. PENDERGRASS, PHILIP J. HODES, and JOHN Q. GRIFFITH, JR.t 


PHILADELPHIA, PENNSYLVANIA 


HERE is now good experimental and 

clinical evidence that the posterior 
lobe of the pituitary is an important gland 
of internal secretion. Its active substances 
include an oxytoxic principle and a vaso- 
pressor or an antidiuretic principle. Our in- 
terest in these hormones has been almost 
entirely limited to the latter. 

The purpose of the present report is to 
record our experiences in the treatment of 
hypertension, and menstrual headache 
which we have found to be associated with 
antidiuretic substance in the blood. 

Treatment by irradiation of non-nephrit- 
ic hypertension is not new. Delario and 
Meyers’ and Hutton and Madden” have 
recently reported encouraging results fol- 
lowing pituitary and adrenal irradiation. 
The latter, using small doses (50 r to each 
side of the head) observed a drop in blood 
pressure in almost half of the 234 patients 
treated. Delario and Meyers treated 177 
patients with even better results (improve- 
ment in 75 percent). Borak’, however, using 
much larger doses (600 r to each field), ob- 
served no effect in patients with essential 
hypertension. 

The treatment of patients with severe 
menopausal and menstrual discomfort by 
irradiating the hypophysis has also been 
previously reported. Borak?* has contrib- 
uted much to our knowledge of this type of 
therapy. His results have been definitely 
encouraging, as have the results of Huet 
and Sobel.?° 

We have irradiated the pituitary glands 
of 41 patients, 31 of whom had high blood 
pressure. The remaining 10 patients com- 
plained of symptoms referable to the men- 
opause or menstruation. In almost each 
instance blood studies for antidiuretic sub- 


stance were positive prior to irradiation. 
Repeated antidiuretic studies were then 
carried out at various periods during and 
after irradiation for comparison. 

The test for blood antidiuretic substance, 
described by Griffith, Corbit, Rutherford 
and Lindauer,'’ is based upon the method 
developed by Burn’ for assaying the anti- 
diuretic content of posterior lobe extracts. 


METHOD 


No special preparation of the patient is 
required prior to venipuncture. About Io 
cc. of blood is drawn and allowed to clot. 
The serum may be separated by centrifug- 
ing when necessary. 

Adult rats are taken from the cage where 
dried food and water have been available 
as desired. Without anesthesia, rats are 
given § per cent of their body weight of 
water by stomach tube. The struggle of 
passing the tube always insures complete 
voiding. One cubic centimeter of the pa- 
tient’s serum is then injected intraperi- 
toneally. The animal is then placed in a 
metabolic cage. The urine volume at the 
end of ninety minutes is then measured, 
complete voiding being assured by holding 
the animal and giving it a few whiffs of 
ether. The amount of urine voided is sub- 
tracted from the amount of water given and 
the difference is expressed in cubic centi- 
meters retained per 100 gm. of body weight. 
It is apparent (Chart 1) that normal ani- 
mals, with rare exceptions when given wa- 
ter alone, retain considerably less than 4 cc. 
per 100 gm. body weight. In view of this 
distribution a retention of 4 cc. or more per 
100 gm. body weight has been decided upon 
as indicating positive evidence of anti- 
diuretic substance in the blood. To assure 


* From the Department of Radiology, the Robinette Foundation, and the Medical Clinic of the Hospital of the University of Penn- 
sylvania. Read at the Forty-first Annual Meeting, American Roentgen Ray Society, Boston, Mass., Oct. 1-4, 1940. 
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Cuartt. Each dot or circle represents one animal. It 


C 


will be noted that the only rats which developed 
high blood pressure were those which were given 
water and pitressin. It is also evident that many 
more of the rats given water and pitressin retained 
more than 4 cc. of fluid per 100 gm. of body weight 
than the animals which were given water alone. 


ANTIDIURETIC SUBSTANCE ABSENT 
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Norma/ subjects 


HART 111. Each perpendicular line represents one 
patient. Each of the three dots through which the 
perpendicular line passes represents the amount of 
fluid retained in each of the animals used. By defi- 
nition, if two or more animals retained 4 cc. or 
more per 100 gm. of body weight the test was con- 
sidered positive. This chart represents the findings 
in a group of normal individuals. None of the 
antidiuretic tests were positive. 
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Cuart ul. Each dot represents one animal. It is evi- 
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dent that the animals given water and pitressin 
developed high blood pressure, whereas those given 
water or pitressin alone were unaffected. 
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Cuarrt iv. The blood of a large group of hypertensive 


individuals was examined for antidiuretic sub- 
stance. All of the tests which were positive are 
included in this chart. Each perpendicular line 
represents one patient. Each of the three dots on 
each perpendicular line represents the number of 
cubic centimeters of water retained per 100 gm. of 
body weight. It is evident that much more fluid 
was retained per 100 gm. of body weight in each 
animal as compared to the distribution of these 
estimations in the normal subjects charted in 
Chart 11. 
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3 
less chance for error, the S573 , 
test has been carried out | 
3k 
Griffith, Roberts, | 
Rutherford and Corbit® 
Vd 
were able to produce an- 
tidiuresis and hyperten- 
sion in rats by giving 

water by mouth and pos- 
terior pituitary  sub- 
stance, pitressin, by in- » 200 
(Charts 1 and 11). Hyper- a 
tension was not found if 

either the pitressin or x. « 
was given alone RV gw 


(Chart 11). As the result 
of these experimental 
findings, Griffith and his 
associates investigated a 
large series of hyperten- 
sive patients for evidence 
of antidiuretic substance 
in the blood. The results 
were positive in many in- 
dividuals, as Anselmino, Hoffmann and 
Kennedy! pointed out previously (Chart 
iv). In others, no antidiuretic substance 
was found (Chart v). 

We decided to irradiate the pituitary in 
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Cuarrt v. Included in this chart are the results of the 
tests for antidiuretic substance in a group of hyper- 
tensive subjects in whom no evidence of anti- 
diuretic substance was found in the blood. 


Cuart vi. This is a graphic presentation of the effect of irradiation upon 
the blood pressure and blood antidiuretic substance in a patient with 
hypertension. At no time did the blood pressure approach normal. The 
antidiuretic test, which was positive in February, 1940, was rendered 
negative by the roentgen therapy delivered to the pituitary in March, 
1940. It became positive again following which it again became negative 
when further irradiation was given. This patient had three diopters chok- 
ing of the discs and in February, 1940, after hypophyseal irradiation, the 
choking of the discs entirely disappeared. 


those patients with positive antidiuretic 
tests to determine if the test could be ren- 
dered negative, and if the clinical picture of 
hypertension could be affected. 
HYPERTENSION 

Thirty-one patients with hypertension 
were irradiated, treatment being directed 
into the hypophysis. No attempt was made 
to select the cases for treatment. The only 
prerequisite was a positive antidiuretic 
test. Thus patients with every stage of the 
disease were treated, the majority having 
headache, vomiting, papilledema, and renal 
or cardiovascular damage. 

Results. Of the 31 hypertensive individ- 
uals irradiated, 7 have not been followed 
long enough to evaluate. 

Eleven patients had little or no improve- 
ment following treatment. The course of 
the disease remained uninfluenced. In no 
instance did an untoward reaction develop 
following irradiation which could be at- 
tributed to the treatment. This was true 
when larger doses (200 r) as well as smaller 
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doses (50 r) were used daily. Two patients 
in this group died as the result of their dis- 
ease. 

Chart vi presents a graphic summary of 
the course of treatment and the changes ef- 
fected in a patient whom we considered did 
not respond to hypophyseal irradiation. It 
demonstrates how the antidiuretic test 
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to the hypophysis was essentially the same 
as that given those patients in whom less 
favorable results were obtained. It is note- 
worthy that the antidiuretic test became 
negative in 4 of these § patients following 
pituitary treatment. 

Chart vi presents graphically the effect 
of treatment in a typical case. The total 


Bs 4 + Cuart vil. This is a graphic presenta- 
S 5 3h [ tion of a favorable response in a pa- 
3g . | tient with hypertension. The anti- 
diuretic substance which was posi- 
tive became negative following 
treatment. Blood pressure also 
eapanding | pos eg dropped. In March, 1940, the anti- 
200/- « diuretic substance was again found 
ie in the blood but it was not until 
Q one month later that the blood 
Q pn pressure became elevated. High 
voltage irradiation delivered to the 
125+ hypophysis again produced a drop 
Wink in blood pressure and the disap- 
ss % 38 from the blood. 


may be rendered negative without influenc- 
ing the blood pressure. It is noteworthy 
that the patient’s papilledema subsided fol- 
lowing treatment. 

Eight patients showed considerable sub- 
jective improvement without any drop in 
blood pressure. The fact that the antidiuret- 
ic test became negative in many of these 
individuals led us to believe that the effect 
of hypophyseal irradiation was more than 
psychic. 

Why the blood pressure remained ele- 
vated in these patients remains unexplained. 
It may be that much larger doses than 1,600 
r are necessary in certain cases. Perhaps, as 
Walker”® has pointed out, there are sources 
other than the hypophysis for antidiuretic 
substances which have not been treated. 

In 5 patients the effect of hypophyseal ir- 
radiation was very encouraging. The clin- 
ical symptoms disappeared and the blood 
pressure dropped 50-75 mm. of mercury. 
The average amount of radiation delivered 


dose employed is somewhat higher than we 
now use. 

Technique. We used rays generated at 
200 kv., filtered through 0.75 mm. Cu plus 
2 mm. Al, at a target-skin distance of 50 
cm., the portal being 7 cm. in diameter. 
Two temporal portals are used, one portal 
being treated daily. The daily dose varied 
from 50 to 200 r.* During the early course 
of our investigation the daily dose was 
maintained at 50 r. With experience we 
have found that patients tolerated an in- 
crease of 50 r per day until 200 r is deliv- 
ered to one portal daily. The total dose has 
also varied considerably. A review of our 
protocols suggested that a total of 400 to 
500 r applied to the skin usually sufficed for 
the first series. In our experience it has been 
unusual for higher total doses to produce a 
favorable response if 400 to 500 r has been 
ineffective. In addition, it seemed to make 


* Roentgens measured in air without backscatter and applied 
to the skin. 
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little difference in the promptness with 
which the test was rendered negative and 
patients reported clinical improvement as 
to whether the total dose used was 500 r or 
closer to 1,000 r. The duration of the bene- 
ficial effect also seemed little influenced by 
doses higher than §00 r. 

It is still too early to tell how long the 
beneficial effects of roentgen therapy will 
last. Most of our patients have been fol- 
lowed only four to six months. We believe 
that four to six weeks must elapse following 
a series of pituitary treatments before one 
can evaluate results. If at this time no 
change in the patient’s condition has been 
noticed a second series of treatments may 
be resorted to, the total dose in the second 
series approximating 1,000 r. Whether 
more than two series of treatments should 
be resorted to in unfavorable cases is ques- 
tionable. The evidence suggests that pa- 
tients with definite renal damage will not be 
benefited by the procedure. 


CATAMENIAL FLUID RETENTION 


It is not uncommon for women to com- 
plain of severe headache, thirst, or abdomi- 
nal puffiness during the premenstrual period 
of their cycle. In addition it is well rec- 
ognized that such discomfort frequently 
subsides with the onset of menstrual flow. 
There is good evidence that these symp- 
toms may be due to local or generalized 
edema resulting from disturbed mineral 
and water metabolism incident to the cata- 
menia.”* 

It has been demonstrated that a reten- 
tion of sodium, chloride and water develops 
during the intermenstrual and premen- 
strual stages of the normal female cycle.?” 
With the onset of the menses this process 
reverses itself and increased urinary excre- 
tion ensues. Indeed, Thorn, Nelson and 
Thorn” found that 24 of 50 normal women 
gained an average of 2.2 pounds in weight 
during the premenstrual stage which was 
rapidly lost following the onset of menstrual 
flow. This physiological reversible reaction 
is probably due to antidiuretic hormone ac- 
tivity with fluid retention. 
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The antidiuretic properties of posterior 
pituitary lobe extracts have been amply 
demonstrated!'”.* and the control of diure- 
sis in diabetes insipidus by the use of pitres- 
sin serves as an excellent example of this 
effect. Burgess, Harvey and Marshall‘ con- 
cluded that this diuresis inhibition could be 
attributed to the action of the antidiuretic 
hormone upon the tubular epithelium of 
the kidney. Those authors believe that as a 
result of this activity greater quantities of 
glomerular filtrate were absorbed in the 
loops of Henle and therefore less urine was 
eliminated. 

The observations recounted above sug- 
gested to us that the blood of women com- 
plaining of menstrual symptoms might 
contain antidiuretic substance. The test 
was positive in almost every such patient 
studied, providing the blood was with- 
drawn within several days of the onset of 
the menses. With experience we have found 
that blood examinations made within two 
weeks after the cessation of menstrual flow 
may reveal no evidence of antidiuretic sub- 
stance. In view of this physiological fluc- 
tuation all antidiuretic tests in patients 
with menstrual symptoms are now made 
within several days of the onset of men- 
struation. 

Why menstruating women develop head- 
aches is a moot question. Some authors 
have suggested that increased intracranial 
pressure incident to fluid retention may be 
responsible. Others!” believe that the hy- 


_ pophysis becomes engorged suddenly during 


the premenstrual period thereby stretching 
the diaphragma sellae, causing pain. That 
this latter explanation may be a factor is 
suggested by the absence of antidiuretic 
substance in some women with intense 
menstrual headaches. It is because all men- 
strual headaches may not be due to in- 
creased fluid retention that we routinely 
irradiate the hypophysis of women com- 
plaining of these symptoms, often in the ab- 
sence of a positive antidiuretic test. 
Results. We have treated 10 patients with 
symptoms thought to be attributable to 
catamenial fluid retention. Of these, 3 have 
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not been followed long enough to evaluate. 
Five patients were treated for intense men- 
strual headache. In 3 instances there was 
marked relief of pain. One patient was 
moderately improved. One patient was un- 
affected by the treatment. The antidiuretic 
test which was positive in 5 of the patients 
prior to hypophyseal irradiation was not 
always influenced by the treatment, indeed 
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the menstrual flow. With the occurrence of 
menstrual bleeding the peripheral edema 
rapidly regressed. Symptoms of this char- 
acter which develop in menstruating wom- 
en seem to have been explained by the ob- 
servations of Thorn, Nelson and Thorn.?’ 

The blood of our 2 patients was investi- 
gated for untidinsetic substance. In both 
instances the test was positive. 


sr | Cuart vii. This is a graph- 
> , t ic presentation of a favor- 
NES } 4 able response obtained in 
a patient complaining of 
S intense menstrual head- 
2+ 
NaS) aches. Three tests for 
blood antidiuretic sub- 
P stance were made in No- 
vember, 1939. The pre- 
> 3 were positive. This dem- 
N N + onstrates the importance 
> } © of withdrawing blood just 
> g prior to the menstrual pe- 
2 2 Q riod in patients complain- 
~ ~ > ing of catamenial fluid re- 


the test remained positive in three. Perhaps 
the amount of treatment employed was not 
sufficient to reverse the biologic test, but 
until more is known about the effect of ir- 
radiation on the hypophysis we shall con- 
tinue to use minimal doses. 

Chart viit is a graphic presentation of the 
manner in which a patient with severe men- 
strual headaches was treated. The rapid 
relief of symptoms following roentgen ther- 
apy is well demonstrated. It is of interest 
that this patient subsequently developed a 
positive antidiuretic reaction which was 
again rendered inactive by further irradia- 
tion. In our experience the antidiuretic test 
frequently becomes positive about one 
month before the patient complains of a re- 
currence of the clinical symptoms. 

Two patients received hypophyseal ir- 
radiation because of recurring monthly 
edema of the legs which seemed related to 
the menstrual function. The swelling started 
ten to fourteen days prior to the onset of 


tention. 


The observations in these patients are 
similar to those made by Edeiken and Grif- 
fith® in a patient treated for recurring pul- 
monary edema by means of hypophyseal 
irradiation. For months the latter patient 
suffered from acute pulmonary edema which 
developed just prior to the menstrual 
flow and subsided soon thereafter. The an- 
tidiuretic test was positive. The symptoms 
suggested catamenial fluid retention. The 
hypophysis was irradiated and an excellent 
result obtained. 

We treated the hypophysis in the 2 pa- 
tients with lower limb edema. An excellent 
result was obtained in one, but there was 
little evidence of improvement in the other. 
In neither individual was the antidiuretic 
test rendered negative by the hypophyseal 
irradiation. 

Chart 1x is a graphic presentation of the 
manner in which the patient who responded 
to irradiation was treated. 

Technique. We have used rays generated 
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at 200 kv., filtered through 0.75 mm. Cu 
and 2 mm. Al, at a target-skin distance of 
so cm. the portal measuring 7 cm. in diam- 
eter. As a rule, patients with symptoms due 
to a menstrual fluid retention are treated 
from seven to ten days prior to the onset of 
menstrual flow. 

The daily dose varied from $0 to Ioo r, 
one portal being treated at a sitting. In our 
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was unaffected. We could find no relation- 
ship between the degree of clinical im- 
provement and the effect upon the anti- 
diuretic substance. 


DISCUSSION 
We have irradiated the hypophyses of a 


small group of patients with clinical im- 
provement in approximately half of the 


4 
Cuart 1x. This is a graphic presentation J 
of the favorable response obtained in 
a patient with edema due to catamen- 


ial fluid retention. It is interesting 
that the antidiuretic test did not be- 
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come negative following high voltage 
irradiation. The sketch of the lower 
limbs, demonstrating marked edema 
in June, 1940, represents the appear- 
ance of the legs just prior to menstrua- 
tion. The more normal appearing lower 
limbs represent the loss of edema 
which was evident after treatment. Y 


experience 300 to $00 r sufficed to control 
the menstrual headache. A similar dose was 
used in the patient with edema in the lower 
limbs who responded to therapy. 

These patients have been followed for 
only about six months. It is therefore too 

early to state how long the beneficial effects 
of hypophyseal irradiation persist. We have 
not hesitated to give a second course of ir- 
radiation two months later if the first series 
proved ineffective. In such instances the to- 
tal dose given during the second series ap- 
proximated 400 to $00 r. 

Antidiuretic tests were made at repeated 
intervals following hypophyseal irradia- 
tion, for fluid retention, care being taken to 
use hisod which was withdrawn each time 
during the same phase of the menstrual 
cycle. There was no uniformity in the re- 
results obtained with reference to the anti- 
diuretic test. In some individuals the anti- 
diuretic test remained positive, in others it 


6/140 


C 
6-/? 


6-28-40 
7-16-40 


cases. Much larger groups with hyperten- 
sion or menstrual headaches have been 
treated by others with equally good or bet- 
ter results.? 

In about two-thirds of our patients, 
positive antidiuretic tests were rendered 
negative by irradiating the pituitary. This 
seems important as it suggests that there 
may exist, in the region of the hypophyseal 
fossa, a center or centers which partially 
control blood antidiuretic substance. There 
is good evidence that the pars neuralis (pos- 
terior lobe) liberates the antidiuretic sub- 
Others! believe the hypo- 
thalamus and its supra-optic nuclei may be 
related to this function, although Van 
Dyke?® believes that the latter hypothesis 
remains to be proved. From the roentgen 
therapeutic standpoint it makes little dif- 
ference which is the control area as both are 
included in the field of irradiation. 

In comparing the group of patients irra- 
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diated for hypertension with the group 
treated for catamenial fluid retention, it 
was evident that a larger percentage of pos- 
itive antidiuretic tests were rendered nega- 
tive in the hypertensive group than in the 
catamenial group. This difference may be 
attributed in part to the larger doses of ra- 
diation used in the treatment of hyperten- 
sion. The evidence suggests that as the 
dose is increased to about 500 r more posi- 
tive antidiuretic tests will become nega- 
tive. In some individuals the test may be- 
come negative with 80 r delivered to the 
skin of the temple, whereas doses as high as 
1,600 r have no effect in others. 

The observation, that total doses of less 
than one erythema when applied to the skin 
of each temporal region may frequently re- 
verse a positive antidiuretic reaction, sug- 
gests that the tissues affected are radiosen- 
sitive. Cushing,® examining the pituitary 
glands of patients dying of hypertension, 
found varying degrees of basophilic infiltra- 
tion in the posterior lobe. One might sug- 
gest that the beneficial effects observed in 
our patients were in part, at least, due to 
the effect of irradiation upon the basophilic 
infiltration, as it is known that basophilic 
hypophyseal tumors are radiosensitive. 

The present communication must be con- 
sidered a preliminary report. The work has 
been carried on for almost one year. Much 
more investigation and a greater number of 
cases will be necessary before the value of 
the antidiuretic tests in the treatment of 
hypertension and catamenial fluid reten- 
tion can be evaluated. 


SUMMARY 


1. Thirty-one patients with high blood 
pressure and ten patients with symptoms 
due to catamenial fluid retention were irra- 
diated. 

2. Approximately one-half of this group 
were benefited by hypophyseal irradiation. 

3. Blood studies for antidiuretic sub- 
stance were obtained before, during and 
after treatment in most individuals. 

4. Positive blood studies for antidiuretic 
substance were rendered negative in almost 
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two-thirds of the hypertensive patients who 
were benefited by hypophyseal irradiation. 

5. Positive blood studies for antidiuretic 
substance were rendered negative in almost 
one-third of the patients treated for cata- 
menial fluid retention by hypophyseal ir- 
radiation. 

6. The possible relationship between the 
antidiuretic substance in the blood, the 
pituitary irradiation, and the clinical symp- 
toms are discussed. 
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DISCUSSION 


Dr. Joun Rock, Boston. It is a great pleasure 
to be allowed to discuss this well constructed 
paper describing such rationally conceived ther- 
apeutic experiments. I regret I cannot throw 
more light on the subject. The authors are 
dealing with several imponderables: the puz- 
zling pituitary, including not only the poste- 
rior portion which apparently does secrete a 
pressor and antidiuretic principle, but also the 
anterior portion, which secretes the gonad-stim- 
ulating hormones. Which cells in each portion of 
the gland do what, and what their relative sus- 
ceptibility to roentgen rays is, we do not always 
know. The roentgen rays themselves, this invis- 
ible magical force, just what do they do to the 
cells of the pituitary which are struck? Destruc- 
tion of at least some seems likely. If these cells 
are trouble makers, that is good. Hypertension, 
the authors make clear, is due to many causes 
not related to antidiuresis or to the posterior 
hypophysis. And then there is the premenstrual 
retention of electrolytes and of water. This re- 
tention has been shown to be closely related to 
the increase in concentration of sex hormones 
in the blood, and to occur when the hormone 
content is high, and to decrease suddenly as the 
hormones diminish. I mention these imponder- 
ables to explain partially my inability to be 
specific in discussion of the results presented. 

In my clinic, we have furtively used roentgen 
rays in an effort to affect ovarian function. We 
used doses only of three or four times §0 r, given 
at weekly intervals, at first to both ovarian and 
pituitary fields. Because I thought that little if 
any of the roentgen rays as given reached 
through the skull to the pituitary, I soon con- 
fined myself to treatment of only the ovaries, 
and saw no difference in the results obtained, 
which were clinically good. Stimulated by the 
authors, I shall now try treatment only of the 
pituitary, for probably the anterior as well as 
the posterior gland is susceptible. There will at 
least be one great advantage in irradiating only 
the pituitary, if that suffices. It will avoid two 
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never to be forgotten dangers in irradiation, 
with however small a dose, of the germinal epi- 
thelium: the danger of establishing the meno- 
pause and if not that, the danger of disturbing 
the genes of the otherwise unharmed germ 
cells. It is true that the offspring of irradiated 
mothers are apparently normal. Genetic re- 
search with many species leads us to fear that 
subsequent descendants who have two irradi- 
ated grandmothers may not be so good. 

Dr. Pendergrass’s paper confirms the demon- 
stration that roentgen rays will usually diminish 
the concentration in the blood of an unidenti- 
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fied antidiuretic factor. Three out of § patients 
with premenstrual headaches were relieved, 
apparently without regard to the effect on 
the pressor principles. Until we know more 
about roentgen-ray effects, we shall try to re- 
lieve headache by drugs and use roentgen irra- 
diation when these fail. But there is no dependa- 
ble treatment beyond restriction of sodium 
chloride and of water for premenstrual edema. 
The $0 per cent of cures in the 2 cases discussed 
gives me encouragement, and | have complete 
willingness to hope that with more cases the 
cure rate will stay as high. 
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FURTHER STUDIES IN THE RADIUM TREATMENT 
OF CARCINOMA OF THE UTERINE FUNDUS* 


and HARRY H. BOWING, M.D. 


By ROBERT E. FRICKE, M.D., 


Section on Therapeutic Radiology, Mayo Clinic 
ROCHESTER, MINNESOTA 


F ALL internal malignant lesions, car- 

cinoma of the uterine fundus has 
probably the most favorable prognosis. It 
isa postmenopausal disease, In contrast to 
carcinoma of the uterine cervix, which 
occurs in most instances about the time of 
the menopause. While carcinoma of the 
fundus is a very common disorder, the 
incidence in our experience at the Mayo 
Clinic is 1 case of carcinoma of the fundus 
to 3 of the more dangerous cancers of the 
uterine cervix.* 

The lesser degree of malignancy of carci- 
noma of the fundus is probably due to 
several factors. On microscopic examina- 
tion the lesion is usually of Grade 1 or 2, 
according to Broders’*‘ classification; this 
means a more slowly growing cancer which 
metastasizes late in comparison with malig- 
nant lesions of Grades 3 and 4. That carci- 
noma of the fundus usually occurs in older 
patients than carcinoma of the cervix, for 
example, is well known. In older people a 
malignant lesion as a rule grows at a slower 
rate and affords more time for the physician 
to treat and arrest the process. Probably 
connected with this fact, diminution of the 
blood and lymph circulation of the genera- 
tive organs after the menopause may re- 
tard the occurrence of distant metastasis. 
Also, the enclosure, almost encapsulation, 
of the cancer within the strong muscular 
walls of the uterus restricts direct spread of 
the lesion. 

All these factors of lessened malignancy 
of carcinoma of the uterine corpus favor 
surgical extirpation of the cancer with less 
chance of recurrence or metastasis. A less 
radical surgical procedure usually will suf- 
fice to obtain a cure than is necessary for 
cancers in other locations. When the lesion 


* Read at the Twenty-sixth Annual Meeting, American Radium Society, Cleveland, Ohio, June 2-3, 1941. 
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is discovered fairly early in a case in which 
the patient is in good general condition, the 
treatment of choice is undoubtedly surgical. 

However, radiologists have considerable 
interest in the treatment of this condition. 
There is a choice of treatment, especially in 
three classes of cases. The first class is the 
extensive, so-called inoperable carcinoma 
of the fundus, diagnosed late and too wide- 
spread for complete excision. This class we 
shall have always with us and limited 
radiation therapy always can yield worth- 
while palliation, and occasionally a cure 
even in this group. The second class con- 
sists of cases in which the lesions are rela- 
tively small but in which the poor general 
condition of the patient or the presence of 
serious unrelated coexisting disease renders 
major operation a decidedly hazardous pro- 
cedure. Radiologists are more interested in 
this second class, as well-planned radiation 
therapy may produce cures without any 
appreciable risk. The third class consists of 
cases in which complete hysterectomy is 
indicated. In these cases preoperative or 
postoperative irradiation is always valuable 
in increasing the number of cures and pre- 
venting recurrence. 

Ten years ago at the annual meeting of 
this Society we analyzed the results of 
radium treatment of all patients with carci- 
noma of the fundus treated at the Mayo 
Clinic from the beginning of irradiation at 
the Clinic in 1915 to 1928, inclusive. The 
five year cure rate among patients treated 
with irradiation alone was 12.63 per cent.! 

For the present study we have reviewed 
a later series, the patients treated at the 
Mayo Clinic with irradiation alone during 
the eleven year period from 1925 to 1935, 
inclusive. 
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AGE, SYMPTOMATOLOGY AND 
CONCURRENT DISEASE 


Three hundred and thirty patients who 
had carcinoma of the uterine fundus were 
treated at the Mayo Clinic during the 
period 1925 to 1935, inclusive. In 115 cases, 
roughly a third of the total, the patients 
received radiation treatment alone. Ninety- 
five per cent of this latter group of 115 
cases were traced and our studies are based 
on these 109 cases. 

The youngest patient was thirty-seven 
years of age, the oldest eighty-three years; 


TaBLe I 


GENERAL CONDITION OF THE PATIENT 


Patients 
Principal Treated Lived 5 Years 
Concurrent 
Disease Num-| Per | Num-| Per 
ber | cent | ber cent 
Obesity 29 | 27 10 34 
Hypertension 17 | 1§ | 9g 53 
Cardiovascular 3 
Secondary anemia) 10 | 9 | 3 30 
Diabetes 6 6 4 67 
Miscellaneous* | 7 | 6 I 4 
None | 26 | 2% 10 3 
Total 10g | 100 42 39 
* Miscellaneous: gastrointestinal 2, renal 1, syphilis 1, goiter 


I, paralysis agitans 1, severe old pelvic inflammatory disease 1. 


the average age on admission was 60.6 
years. 

The principal presenting symptom of the 
10g cases was as follows: vaginal bleeding 
in 87, leukorrhea in 19, vaginal hemorrhage 
in one, pain in two. Any vaginal bleeding 
beyond the menopausal age certainly indi- 
cates immediate diagnostic curettage if the 
cervix and vaginal walls appear normal. 
A vaginal discharge also demands careful 
investigation. There is little excuse for a 
late diagnosis of carcinoma of the fundus 
if patients can be impressed with the fact 
that postmenopausal bleeding is often a 
symptom of serious disease, always de- 
manding investigation, and that delay may 


be fatal. 
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Poor general condition of the patient or 
the presence of a serious disease unrelated 
to the malignant lesion is often the deciding 
factor between surgical treatment and 
radiation therapy without surgical treat- 
ment. Approximately three-fourths of the 
10g patients had serious concurrent disease 
as well as cancer, as shown in Table 1. Since 
the lesions of about 40 per cent of these 
patients were of Stage 1 or 11, according to 
the extent of the malignant disease, the 
presence of the unassociated disease had 
much weight in contraindicating major 
surgical intervention. Thus, if the radiolo- 
gist can treat many of these patients suc- 
cessfully, he can lessen the burden of risk 
for the surgeon who is confronted with a 
major operation on a patient with a small 
malignant lesion but with other serious 
degenerative disease. In Table 1 it is to be 
noted also that cures were higher than the 
general average among patients who had 
serious hypertension and among patients 
who had diabetes mellitus. 


THERAPY 
TREATMENT 


TECHNIQUE OF RADIUM 
AND RISK OF 


Six years ago we reported our dosage and 
technique in the radium treatment of carci- 
noma of the uterine fundus.’ Briefly, we 
employ an intensive broken-dose method 
with the purpose of applying homogeneous 
irradiation throughout the entire uterine 
and cervical canals. The entire canal i 
treated carefully, as the exact extent of the 
growth cannot be determined and it is safer 
to treat the entire canal. Tubes containing 
so millicuries of radon, with brass and silver 
filtration, are employed, using two tubes in 
tandem in the intra-uterine applications. 
The intra-uterine applications start in the 
depth of the fundus, and successive treat- 
ments irradiate the mid and the anterior 
fundal regions. The number of intra- 
uterine applications depends on the length 
of the uterine canal. The cervical canal is 
irradiated also and heavily filtered and well 
protected tubes are also applied in the 
vaginal cavity. Thus a moderately ad- 
vanced lesion may receive 5,000 or 6,000 
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mc-hr. of intra-uterine treatment, around 

1,400 mc-hr. in the cervical canal and 2,100 
mc-hr. in the vaginal cavity. The treat- 
ments are given over a period of two or 
three weeks, treatments two or three times 
a week. 

The course of treatment is followed by 
roentgen therapy around the pelvis, usually 
four fields in all, treating one area a day. 
However, the radium in direct contact with 
the cancer provides the bulk of the treat- 
ment. The roentgen treatment is a valuable 
accessory but plays a secondary rdle. On 
studying the 109 cases, we noted that in a 
third of the total group roentgen treatment 
had not been given for various reasons. The 
five year cures, however, showed the same 
percentage of cures for the patients receiv- 
ing both radium and roentgen treatment 
and those receiving radium treatment 
alone. 

Many techniques have been developed 
by radiologists to improve the results of 
radiation therapy, from the multiple tube 
technique of Heyman and the Y-shaped 
intra-uterine applicator of Schmitz and 
Schmitz to the hysterostat elaborated by 
Friedman. Many of these ingenious instru- 
ments are flexible and adaptable and pro- 
vide good results in the hands of their 
designers. However, we have never felt 
justified in changing from the repeated 
brass tandem technique as this seems the 
simplest implement to adapt to a varying 
cavity. The diseased uterine fundus is often 
irregular and the canal tortuous; the uter- 
ine walls may be friable and very easily 
punctured. Our main principle in applyi ing 
treatment is avoidance of trauma; to this 
end the patient is treated in the knee-chest 
position and the brass tandem on wire is 
inserted very gently at varying depths in 
the fundus. 

Inasmuch as the lesions were classified 
as Stage 111 or Iv in 65 of the 109 cases and 
as two or three weeks were required to 
complete the treatment, it is not surprising 
that serious complications occurred in 10 
cases. 


We have three main classifications of 
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treatment: “complete” when a full course 
of treatment is outlined with definite hope 
of cure of the cancer; “limited” treatment 
with palliation in view in a case in which 
the prognosis is judged to be hopeless; and 
“abandoned” when the treatment outlined 
has had to be discontinued because of weak- 
ness of the patient or the development of 


TaBLe II 


RADIUM TREATMENT 
CARCINOMA OF THE UTERINE FUNDUS 
1925-1935, INCLUSIVE 


Patients Lived 5 Years 
Treatment Num- Per | Num-| Per 
ber cent ber | cent 
| 
Complete 66 60 33 | 
Limited 40 37 Il | 28 
; 


Total 109 100 42 39 


serious complications. Sometimes, to our 
surprise, cure is obtained even with only 
limited treatment. In the series of cases 
under discussion only 60 per cent of the 
patients received complete radium treat- 
ment (Table 1). 

Serious complications occurred in Io 
cases, or g per cent. Hospital deaths were 
3, or 2.6 per cent of the total group. These 
figures are based on all 115 patients 
treated, including 6 not traced to the five 
year limit. The serious complications con- 
sisted of pyometritis in 4 instances, phle- 
bitis in 3, peritonitis and pelvic cellulitis in 
one each, and subdiaphragmatic abscess 
and bacteriemia in one. The patient who 
had peritonitis and the patient who had 
subdiaphragmatic abscess and bacteriemia 
died, as well as a third patient who suc- 
cumbed to a cardiac condition. Thus, there 
were a total of 3 hospital deaths and of 
these 2 were connected with the malignant 
lesion or the treatment. 


STAGE OF THE LESION AND THE PROGNOSIS 


The plan of treatment must be deter- 
mined by careful estimation of the general 
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condition of the patient and the extent of 
the malignant process at the time of ad- 
mission. Undoubtedly, as emphasized by 
Ward and Sackett, and others, the extent 
of the disease or “‘stage” is the most im- 
portant single prognostic factor. Unfortu- 
nately, the growth is not as accessible to 
inspection and palpation as carcinoma of 
the cervix, and determination of the stage 
is a tedious procedure. In carcinoma of the 
cervix we follow the classification outlined 
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There may be perforation of the uterine 
walls with or without massive parametrial 
infiltration, or involvement of the retro- 
peritoneal or lumbar lymph nodes or of 
the ovaries, bladder, bowels or labia, re- 
mote metastasis, a fixed primary growth 
with extensive metastasis in the vaginal 
wall or general carcinomatosis. 

Table ur portrays the results of radium 
treatment of 109 patients traced at the end 
of three, five, seven and ten years after 


Taste III 


SURVIVAL RATES BY STAGE 


| | Living 3 


CARCINOMA OF THE UTERINE FUNDUS 1925-1935 


Living 5 Living 7 Living 10 
| or More or More or More or More 
bs : | Years after | Pati Years after Pati Years after a Years after 
Stage | atients | Treatment® | Treatment* Treatment*®  -Treatment* 
Traced Traced Traced 
Num-. Per Num- Per Num- Per Num- Per 
ber | cent ber cent ber cent ber cent 
I Is 14 93 15 14 93 9 6 67 5 2 | 40 
I 29 «59 29 15 52 19 7 37 12 4 33 
Ill | 32 II 34 26 4 15 20 15 
vw | 33 | 4 | 12 33 2 6 2 I 4 2 fe) 
Total | 109 50 | 46 39 78 18 23 57 9 16 


109 42 


* Inquiry as of January 1, 1941. The study includes only those patients treated prior to 1936, that is, 1935 and earlier. The seven year 
group comprises only those patients treated seven or more years prior to the time of inquiry, that is, 1933 or earlier; the ten year group 


1930 or earlier. 


by the League of Nations Radiological 
Sub-commission.® Carcinoma of the fundus 
we have classified similarly into four stages, 
depending on the anatomic extent of the 
growth. Elsewhere we have defined the 
stages at length.” 

In brief, Stage 1 denotes a small lesion 
limited to the uterine cavity but not in- 
volving the internal os. The uterus is not 
enlarged and is freely movable. In Stage 11 
the uterus usually is enlarged but still 
movable with or without infiltration of one 
parametrium. Stage 1 exhibits definite 
infiltration of one or both parametria with 
some degree of fixation of the uterus or 
with involvement of the cervix or vaginal 
walls with a small primary growth. In 
Stage 1v the uterus is enlarged and fixed. 


treatment, according to stage. The prog- 
nosis varies definitely with the stage of the 
lesion: 93 per cent of patients who had 
Stage 1 lesions obtained five year cures con- 
trasted with 52 per cent in Stage 11, 34 per 
cent in Stage 111 and 6 per cent in Stage Iv. 
This ratio is maintained in the three, seven 
and ten year levels also. Our five year cure 
rate of 39 per cent in these 109 cases is 
much better than the 12.63 per cent of 
five year cures among patients treated by 
irradiation alone from 1915 to 1928, in- 
clusive; however, in this present series 
about 40 per cent were of Stages 1 and I, 
compared with 21.5 per cent in the earlier 
series. Hence, in the present series we were 
treating much less extensive lesions than 
in the earlier series. 
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GRADE AND PROGNOSIS 

The histopathology of the lesion is in- 
teresting; characteristic tissue was obtained 
in all but seven of the 109 traced cases in 
which the patient was treated by irradia- 
tion. Only 1 of the 7 patients obtained a 
five year cure, the others succumbing to 
cancer within the first five years. Seventy- 
five per cent of the total number of lesions 
were diagnosed adenocarcinoma and I1 per 
cent squamous cell epithelioma. Our five 


TABLE IV 


SURVIVAL RATES BY 
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GRADE OF MALIGNANCY 
CARCINOMA OF THE UTERINE FUNDUS 1925-1935 


is dealing with a low grade type of cancer 
with the best prognosis of any internal 
malignant lesion. The slow growth and 
later metastasis indicate surgical treatment 
for all good surgical risks. Less radical 
surgical treatment is necessary than for 
cancers situated elsewhere. 

Unfavorable features are that this type 
of cancer occurs in a later age group and 
many patients who have resectable lesions 
suffer also with serious unrelated diseases 


Living 10 


Living 3 Living 5 Living 7 
or More or More or More or More 
Sa Years after Dita Years after Pat; Years after Pat; Years after 
atients. atients | S| ‘ 
Grade Treatment* Treatment* | ‘Treatment* | ‘Treatment* 
Traced Traced Traced Traced 
Num-| Per Num-)| Per Num-| Per Num-| Per 
ber | cent ber | cent ber | cent ber | cent 
I ig 16 84 19 15 9 11 7 64 7 3 43 
2 42 17 40 42 14 3 29 6 21 21 3 14 
3 16 7 44 16 4 5 14 3 21 12 2 17 
4 17 2 12 17 3 2 3 I 8 9 fe) = 
Not 
graded 1st 8 53 15 7 47 iI I 9 8 1 12 
Potal 109 50 46 10g 42 39 78 18 23 $7 o-] 16 


* Inquiry as of January 1, 1941. The study includes only those patients treated prior to 1936, that is, 1935 and earlier. The seven year 
group comprises only those patients treated seven or more years prior to the time of inquiry, that is, 1933 or earlier; the ten year group 


or earlier. 
+ Includes 7 cases in which no tissue was obtained. 


year results listed 43 per cent cures for 
adenocarcinoma and only 17 per cent for 
squamous cell epithelioma. 

To our surprise, we found end-results of 
treatment to vary directly with the micro- 
scopic grade of the lesion. Thus five year 
results showed 79 per cent Grade 1, 33 per 
cent Grade 2, 25 per cent Grade 3, and 12 
per cent Grade 4 survivals. In the pre- 
dominantly low grade lesions supposed to 
be radioresistant and hence always better 
treated surgically, this is an interesting 
finding (Table tv). 


CONCLUSIONS 


In carcinoma of the uterine fundus one 


which greatly increase the surgical risk. 

Radiation therapy is invaluable in in- 
creasing the five year favorable results 
when used in conjunction with major surgi- 
cal treatment,* and also as a palliative agent 
in extensive inoperable cancers. 

The stage and grade of the lesion are 
both important prognostic factors when 
irradiation alone is employed. The cure 
rate with radium treatment varies directly 
with the extent of the growth and also with 
the microscopic grade of the lesion. 

Although low grade lesions always are 
considered radioresistant we find in this 
series that the lower grades have the best 
chance of cure. 
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We believe from this study that physi- 
cians have been too pessimistic about the 
cure of carcinoma of the fundus with 
radium alone; especially in cancers of low 
grade and small extent, carefully planned 
radiation treatment offers a good prog- 
nosis and, when the surgical risk is in- 
creased by poor general condition of the 
patient, much of the burden can be taken 
from the surgeon by employing radiation 
therapy.* 
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PNEUMOPERITONEUM AS AN AID IN PELVIC IRRADI- 
ATION FOR CARCINOMA OF THE CERVIX* 


By L. R. SANTE, M.D. 


ST. LOUIS, MISSOURI 


HE radiosensitivity of normal struc- 
tures has always proved the limiting 
factor in radiation therapy. This is especially 
true of carcinoma of the cervix. The rather 
close limitation of effective radiation from 
radium in the cervical canal has proved an 
advantage to its use in treatment of the 
local growth, but a great disadvantage in 
the effectual irradiation of parametrial ex- 
tensions. The operation of the inverse 
square law leads to the rapid falling off of 
radiation so that little reaches the para- 
metrial tissues from the cervical applica- 
tion. To augment what little radiation 
reaches the parametrium from this source, 
supplementary radium treatments are 
given, with vaginal bomb, radium packs 
or a colpostat wherever these can be used. 
Of these, the radium bomb surely does not 
add greatly to the effective dosage in the 
parametrial region; the colpostat, where 
it can be properly applied, and vaginal 
packs deliver perhaps the greatest dosage 
that can be expected from vaginal appli- 
cation. In order to still further augment 
the dosage in the parametrium, inter- 
stitial irradiation with radium needles has 
been resorted to. The more or less blind 
insertion of numerous large radium needles 
into potentially malignant tissue in a loca- 
tion where there is no natural egress of the 
products of inflammation or tissue destruc- 
tion has always seemed to me to be a 
greater hazard to the patient than the good 
which might be accomplished. The less 
trauma done to carcinomatous tissue, espe- 
cially where the growth is confined and the 
pressure of drainage cannot easily be re- 
lieved to the outside, the better. At any 
rate, very few radiologists still adhere to 
this method and it has been largely dis- 
carded. 
To further supplement the radium dosage 
delivered into the parametrium, roentgen 
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irradiation is given, both externally and 
in recent. years, intravaginally. To apply 
external irradiation to the parametrium 
through the abdomen or back, large 
amounts of normal tissue structures will 
be subjected to the same amount of radia- 
tion. The days of massive dose roentgen 
therapy have taught us of the sensitivity 
of the intestinal mucosa; animal experi- 
mentation and some disastrous human 
results have demonstrated this beyond 
question. With the divided dose methods 
now in use, the effect on the intestinal 
mucosa seems less evident, but there can 
be no doubt that some deleterious effects 
on the intestinal mucosa must result. 
Any method, then, by which the intes- 
tines can be removed from the field of ir- 
radiation should be desirable. This we have 
attempted to do by the induction of pneu- 
moperitoneum. With the patient in the 
Trendelenburg position, the air rises into 
the pelvis, enveloping the pelvic structures 
and displacing the intestines to the upper 
portion of the abdomen. The removal of 
practically all of the intestines from the 
field of irradiation serves not only to elimi- 
nate the deleterious effects of radiation on 
the normal structures, but also to remove 
the natural hindrance which these struc- 
tures afford to passage of the rays. The 
Trendelenburg position without pneumo- 
peritoneum has been advocated by a few 
authors (Pack and Livingston"); this un- 
doubtedly causes some tendency to up- 
ward displacement of the intestines in a 
patient with a lax abdominal wall, but 
naturally the intestines cannot be dis- 
placed to any great extent unless they are 
given a place to go. In addition, the dis- 
placement of solid material from beneath 
the abdominal wall reduces by a certain 
amount the scattered radiation, which 
should permit the application of a some- 
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Fic. 1. After introduction of air into the peritoneal 
cavity roentgen examination is made with patient 
in the Trendelenburg position. With patient tilted 
about 50 to 60 degrees with head downward, the 
roentgen-ray beam directed straight downward is 
projected along the pelvic axis. 


what higher skin dosage as applied ex- 
ternally. Obviously this amount would be 
greater in an individual with a thin ab- 
dominal wall than in one whose abdominal 
wall was thick. Lateral fields would prob- 
ably derive the least advantage from the 
use of pneumoperitoneum. 

Likewise, the removal of the underlying 
intestinal structures facilitates compression 
of the lower abdomen by a treatment cone. 
Compression alone is a great factor in in- 
creasing the relative depth dose so that in 
this case it may prove a material advan- 
tage. Obviously greater compression can 
be secured in a patient with a flabby fat 
abdominal wall, where it is needed the 
most, than in one with a thin tense muscu- 
lar structure. With intravaginal roentgen 
irradiation the greatest advantage would 
seem to be the removal of small intestine 
from the field of irradiation, thereby per- 
mitting greater doses with impunity. 


PROCEDURE 


1. Produce Artificial Pneumoperitoneum. 
After evacuation of the intestinal tract, 
pneumoperitoneum is produced by a simple 
technique previously described.? Inflation 
is carried to a point somewhat greater than 
that ordinarily used for diagnostic pneu- 
moperitoneum. The patient should be kept 
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on her back in bed for the first day or so 
until she becomes accustomed to the pres- 
ence of air in the abdomen. Pain in the back 
between the shoulders is the penalty of 
assuming the upright position during this 
time, but pain subsides immediately on 
lying down again. Air is used since large 
amounts of this gas usually require from 
ten to fourteen days for complete absorp- 
tion, often providing sufficient time for 
carrying out the entire course of roentgen 
therapy with a single filling. At most, one 
refill about the seventh day is all that 
should be necessary under any circum- 
stances. The widespread use of pneumo- 
peritoneum in the treatment of pulmonary 
tuberculosis is evidence that air in the 
abdomen is weil tolerated over long periods 
of time. 

2. Make Roentgen Examination. (Vig. 1.) 
With the patient lying on the abdomen, 
head downward, on a tilt table lowered to 
an angle of about 45 to so degrees, the air 


Kic. 2. Roentgenogram of pelvic structures made 
with patient in position shown in Figure 1. Note 
complete displacement of intestines from pelvis 
showing uterus, U, rectum, R, collapsed bladder, 
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rises to fill the pelvis, enveloping the pelvic 
organs and displacing the intestines. Roent- 
gen examination of the pelvic organs is 
made by projecting the roentgen-ray beam 
along the pelvic axis, represented roughly 
by a line between the anus and umbilicus. 
When the patient lies on the face, hips 
elevated to this degree, the roentgen-ray 
beam will be almost straight downward; 
when the patient lies on the back in the 
same tilted position, the roentgen-ray 
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or whether from adhesions or other cause 
they remain firmly in place in spite of 
pneumoperitoneum and the inverted posi- 
tion. 

3. Make the necessary measurements, 
recording the thickness of the patient’s 
body in the anteroposterior direction and 
along the pelvic axis, with the patient lying 
on her face as well as on her back. Record 
the contour of the patient’s body at the 
level of the cervix by using a flexible lead 
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Fic. 3. 4, outline four portals anterior, two on each side; B, four portals posterior, two 
on each side, and two lateral portals. 


beam must be directed downward to the 
feet, to a corresponding degree, in order to 
be projected along the pelvic axis. 

The information received from this 
roentgen examination may be of value in 
the treatment of the patient (Fig. 2). The 
facts to be determined are the presence, 
position and size of the uterus, and location 
of the other pelvic organs. Any masses can 
be visualized and their relationship to the 
uterus and other pelvic structures noted. 
Of course it is not possible with any degree 
of consistency to determine the exact char- 
acter of the pathologic condition. This ex- 
amination will also determine whether the 
intestines have been completely displaced 


from the pelvic region and lower abdomen, 


strip or a physicist’s variable curve. 

4. Outline the portals for roentgen therapy 
with the patient in the same inverted posi- 
tion in which treatment is to be carried out 
(Fig. 3), using four portals anteriorly, two 
on each side, and four portals posteriorly, 
likewise with two on each side, covering 
very closely the areas recommended by 
Arneson and Quimby.’ The size of the lower 
portals should be 15 X 15 cm., or 10 X IO 
cm., depending upon the size of the indi- 
vidual, with the roentgen-ray beam directed 
straight inward into the pelvis. The size of 
the upper portals should be 10 X Io cm. 
with the roentgen-ray beam directed down- 
ward along the axis of the pelvis. It has 
been found advantageous to separate the 
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two upper fields 4 cm. in the midline and 
incline the beam back toward the midline 
about 10 degrees. All other fields should be 
2 cm. apart in the midline. In addition to 
these, two lateral 10X15 cm. portals will 
add to the parametrial dosage. In this way 
(Fig. 4), at least four portals will be direct- 
ed over each adnexal region from the an- 
terior and posterior directions, and one 


laterally. Anteriorly on either side the lower 
portals should be located with their lower 
edges just below the upper margin of the 
symphysis pubis and the roentgen-ray 
beam should be directed perpendicularly 
straight through into the pelvis; the upper 
portals should be marked out just above, 
and in this case the roentgen-ray beam 
should be projected obliquely downward 
along the pelvic axis. This is the portal in 
which deep compression may be most effec- 
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tually used (Fig. 7). A bakelite cap made of 
material not more than 2 mm. thick may be 
fitted over the cone to more effectually 
permit compression. Posteriorly four fields, 
two on either side, should be laid out also, 
IOXIO cm., or 15X15 cm., depending on 
the size of the patient; in this case the lower 
fields will be at the same level as the cor- 
responding anterior fields, with the lower 


Fic. 4. Positions of patient for various portals: 4, anterior lower portal, 15 X15 cm., directed straight into 
pelvis; B, anterior upper portal, 10 X10 cm., directed downward along axis of pelvis with compression; C, 
posterior lower portals, 15 X15 cm. or 10 X10 cm., directed straight inward; D, posterior upper portals, 10 
X10 cm., directed somewhat downward into parametrial region. 


edges just below the level of the coccyx, 
with the roentgen-ray beam directed per- 
pendicularly inward. The second set of 
fields just above these should have the 
roentgen-ray beam projected downward 
toward the adnexal region. 

Projection of a roentgen-ray beam along 
the pelvic axis with a patient in the prone 
position requires direct exposure of the 
vulva and this should be avoided. In all 
external irradiation the vulva is protected 
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by a bag containing equal parts of fuller’s 
earth and china clay, held firmly between 
the thighs. Lateral fields exposed on either 
side will add materially to the dosage 
delivered to the parametrium. 

s. Accurately Locate the Portals and Deter- 
mine the Optimum Direction of the Roent- 
gen-Ray Beam in Each Case. The lower 
anterior and posterior fields are centered 
directly over the parametrium so that in 
these cases the beam should be directed 
perpendicular to the body. The direction 
of the beams for the upper fields can be 
determined in the following manner (Fig. 
5): A small adjustable indicator rod con- 


Fic. 5. Instrument used to determine proper angle 
for projection of roentgen-ray beam into parame- 
trial region. A variable indicator rod fastened to a 
piece of lead is used to direct the angle of projec- 
tion of the roentgen-ray beam. A_ protractor 
mounted upon a measuring stick is used to deter- 
mine the angle in degrees, 
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Fic. 6. Measurement of angle necessary to project 
roentgen-ray beam into parametrial region. Place 
indicator rod in middle of medial border of portal. 
With one finger in vaginal fornix on same side sight 
mentally along indicator rod varying its direction 
until the line of sight projected into pelvis coincides 
with vaginal finger. Read off the angle on an ad- 
justable protractor. 


sisting of a straight piece of steel wire 
about 4 inches long attached to a pliable 
metal base (a piece of 1/16 inch sheet lead) 
is applied to the abdomen with adhesive 
or made sufficiently large that it will re- 
main in place by its own weight, the base 
of the rod centered at the middle of the 
medial margin of the portal. With the 
index finger of one hand in the vaginal 
fornix lateral to the cervix, sight mentally 
along the rod, varying the angle of the rod 
until it is directed toward the vaginal finger 
(Fig. 6). This angle may be measured with 
relation to the table top by a protractor, 
and the direction of the beam for each 
portal can be determined in this manner 
for all subsequent treatments. This is an 
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old method utilized by Holzknecht to 
determine the direction of the roentgen-ray 
beams for multiple portals in cross firing a 
tumor in the depth. It is sufficiently ac- 
curate for all practical purposes; indeed, 
extremely accurate cross firing may be 


Fic. 7. Lateral view showing compression of anterior 
upper portal to project the roentgen-ray beam 
along the pelvic axis, and its relationship to the 
lower anterior portal. Care must be taken to avoid 
a point of excessive exposure where the two beams 
cross beneath the anterior abdominal wall. 


undesirable since it may lead to too abrupt 
limitation of the field of irradiation. 

6. In setting up these portals for radiation 
therapy, due advantage should be taken of 
compression wherever possible. Even slight 
compression materially increases the depth 
dose (Fig. 7). 

7. Dosage Factors. We have utilized both 
50 and 80 cm. distances, the latter in 
heavier patients because of the greater 
depth dose which it affords. With 200 kv., 
18 ma., | mm. copper effective and 1 mm. 
aluminum filter, half-value layer of 1.46 Cu, 
49 r per minute is delivered until a dose of 
200 r, measured in air, is administered to 
all four anterior areas, and one lateral 
portal on a single day; the following day 
treatment is given through all four poste- 
rior portals and the other lateral portal. 
In this way both adnexal regions receive 
daily irradiation whereas each skin portal 
receives irradiation on alternate days only. 
This is continued until a pronounced skin 
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reaction occurs; this usually progresses to 
desquamation. This was found to require 
about 2,000 r for a 15 X15 cm. portal and 
2,400 r for a 10X10 cm. portal. 

8. Cervical and vaginal irradiation with 
an intracavity cone can be carried out dur- 
ing the same period, using 200 kv., 1 mm. 
copper effective and 1 mm. aluminum 
filter, 50 cm. distance, giving 1,000 r, 
measured in air, with a 3 cm. cylindrical 
metal cone (Fig. 8), daily for ten to fifteen 
days, depending upon the character of the 
growth, if no subsequent radium treatments 
are to be used. Large bulky tumors will 


<—— PUSH TOGETHER SO OUTSIDE TUBE RESTS ON FLANGE 


Fic. 8. Diagram showing suggested use of double 
cavity cones for vaginal irradiation. A cylindrical 
Fergusson hard rubber cone holds the vagina open 
exposing the cervix. The metal treatment cone 
about 2 to 3 cm. shorter than the hard rubber cone 
nests easily inside of the hard rubber cone insuring 
proper centering. This arrangement provides ade- 
quate irradiation of the proximal portion of the 
vagina as well as the cervix. 


stand 1,500 r, whereas less bulky, necrotic 
ulcerating carcinomas require less radia- 
tion. For at least one-half of this dosage 
the radiation should be administered 
through a shorter metal tube which fits 
inside a hard rubber cylindrical speculum 
of the Fergusson type similar to that used 
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by Merritt,‘ not so much to secure spread 
of the beam into the parametrium as to 
secure irradiation of the proximal third of 
the vagina—a very essential feature in our 
experience to prevent growth along the 
vaginal wall. If no hard rubber cone is 
available, withdraw the metal cone about 
1} inches to properly irradiate the proximal 
portion of the vagina. 

g. Direct Alternate Treatments into the 
Right and Left Sides by Angulating the I[n- 
travaginal Cone as Much as Possible. We 
have found it possible to angulate the tube 
as much as I§ to 17 degrees from the mid- 
line into each vaginal fornix. This should 
add materially to the radiation delivered 
to the adjacent adnexal regions. 

10. General Care of the Patient during 
Treatment. It is especially necessary to 
keep the colon empty; this can best be ac- 
complished by use of cleansing enemas, but 
a cathartic may be necessary at times. If 
any nausea is experienced, the cause must 
be determined at once. This naturally indi- 
cates that the intestines are not satisfactor- 
ily displaced and are receiving irradiation. 
This may be due to too little air remaining 
in the abdomen with insufficient tilting of 
patient to displace the intestines out of the 
pelvis or it may be due to collection of 
fecal material. A refill with air or a cathar- 
tic may be necessary to correct this con- 
dition. 


MEASUREMENTS 


For the purpose of this study 4 patients 
were selected, all clinical Stage 11; one 
thin, height ¢ ft., weight go lb., abdominal 
thickness at level of cervix with compres- 
sion, 1§ cm.; a second nearer average, 
height 5 ft. 8 in., weight 110 lb., abdominal 
thickness 16 cm.; a third stouter, height 
5 ft. 4 in., weight 135 lb., abdominal thick- 
ness 19 cm., and a fourth obese, height 5 
ft. 3 in., weight 193 lb., abdominal thick- 
ness 20.$ cm. with pendulous portion of 
abdomen retracted. 

An integrating Victoreen intensimeter 
and a dosimeter were used for the measure- 
ments, both surface and intravaginal; the 
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administration of radiation was supervised 
by the radiological residents in charge of 
radiation therapy at the St. Louis City 
Hospital, Drs. Chas. Nolan and H. L. 
Townsend, and the measurements were 
made by our physicist, Mr. Tracey Hink- 
ley. 

The roentgen-ray output was maintained 
by an iometer roentgen-ray constancy indi- 
cator, and the output at 18 ma. was deliv- 
ered at 49 r per minute. Measurements 
were made for full duration of treatment. 
Both entrance and exit doses were meas- 
ured with backscattering. The portals in 
which compression was used had a bakelite 
cap over the cone 2 mm. thick. 

It was found that for the 15 X15 portals, 
200 r, measured in air, developed an aver- 
age 255 rwith backscattering about 3or less 
than ordinarily found without pneumoperi- 
toneum (285 r). This would indicate that 
an increase of about 12 per cent to the daily 
skin dose per portal would be permissible, 
or an increase of even more than this 
amount in the total dose delivered to each 
field over a period of weeks, if the original 
plan of 200 r, measured in air, delivered to 
each field was adhered to. Ordinarily in 
our experience without pneumoperitoneum, 
1,400 r in air delivered, 200 r daily, to two 
anterior and two posterior portals will pro- 
duce a desquamating reaction. With pneu- 
moperitoneum this dosage did not result in 
nearly as severe a reaction. The delivery of 
2,000 r to 1§ X15 cm. portals, and 2,400 r to 
10 X10 cm. portals resulted in desquamat- 
ing reaction which seemed to us similar to 
those seen with 1,400 to 1,600 r without 
pneumoperitoneum where large fields were 
used. 

Intravaginal measurements made with 
the ionization chamber in the lateral for- 
nices indicated that, for the lower 15 X15 
cm. anterior portals, 160 r could be deliv- 
ered into the parametrial regions in the 
thin individual and 100 r in the case of the 
stouter individual; for the lower 15X15 
cm. posterior portals as much as 120 r 
could be delivered into the fornix of the 
thin individual, whereas in the case of the 
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stouter individual only 50 r could be deliv- 
ered. For the upper 10 X10 cm. anterior 
portals directed 50 degrees downward along 
the axis of the pelvis with maximum com- 
pression, as much as 140 r could be deliv- 
ered into the fornix whereas, for the stouter 
individual, 120 r was the maximum amount 
which could be delivered. The relatively 
greater dose with the stouter individual 
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radiation. which could reach the parame- 
trium from these portals. 

We have chosen instead an upper 10 X10 
cm. or If X1§ cm. posterior portal, directed 
somewhat downward, to converge on the 
parametrial region. With these portals 120 
r could be delivered into the fornix in the 
thin person, but not more than $0 r could 
be delivered in the stouter individual, about 


TABLE I 


APPROXIMATE DOSAGE FROM EXTERNAL PELVIC IRRADIATION AS MEASURED IN VAGINAL FORNIX WITH ARTIFI- 
CIAL PNEUMOPERITONEUM WITH PATIENT IN TRENDELENBURG POSITION 


2. Nearer 


, . Obese Patient 
Average Patient 9 


3. Stout Patient 


vu | 
= | | 
| & 38 | 3 
| z iwel 
Portal = |as| 2 
cm. a Ay 
Anterior 
lower 15 X 15 200 260 160r 63 | 260 
Anterior 
upper KX 10) 200 | 240 | 140r | 242 
Posterior | 
lower 15 X 15 200 265 | 120r 46 | 275 
Posterior 10 X 10 
upper 15 X 1§ 200 260 120r)| 45 | 250 | 
| 
Lateral X 15) 200 /| 275 60r 21 | 275 | 
Total dose delivered for 
five portals of 200 r each, 
measured in air 600 r | 234 | 


— 
uv uv uv v 
=> > > Ay A, > 
i7sr 67 | 265 | loor 39 | 300 gor 30 
§8 | 255 |120r| 47 Ig 
gsr*| 20 | 280} sor* 18 | 335* 31 
* 14 


g25r 204 355 Tr | 134 230 r | 102 


* Owing to physical difficulties the measurements 
consistent. 


was probably due to greater compressibil- 
ity of the abdomen for the anterior upper 
portals. Posterior portals directed forward 
and upward along the pelvic axis were 
tried but found inadvisable since this prac- 
tically constitutes a perineal portal which 
subjects the vulva to too severe reaction; 
likewise, the funnel-shaped character of the 
pelvis causes heavy bony structures to be 
superimposed upon the parametrial regions 
thereby reducing the amount of effective 


of radiation from some portals were not uniformly 


the same as the lower posterior portals (see 
Table 1). 

The figures here recorded represent the 
maximum values attained. Comparison 
with other more accurate determinations 
made on water phantoms and cadavers 
would seem to indicate that radiation de- 
livered into the pelvis from external sources 
is considerably greater by this method. 
This is especially true since these values do 
not take into account any additional irra- 
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diation which may be added from portals 
on the opposite side of the abdomen. The 
dosage values fall off very rapidly at the 
margins of the fields, so that slight varia- 
tions of even a centimeter in the positioning 
of the portal, or even slight angulation of 
direction of the roentgen-ray beam may 
cause a falling off of dosage in the fornix 
as read on the ionization chamber from 
140 r to 85 r or even less. The tilting of a 
large boggy uterus to one side was the 
probable explanation in one instance of a 
difference between 100 r and 65 r in dosage 
delivered to the two fornices by the beam 
directed along the pelvic axis. As a result, 
it was found advisable to place the inner 
margin of the upper anterior portals 1 to 
2 cm. from the midline and incline the direc- 
tion of the beam back about 10 degrees to- 
ward the midline, in addition to the ap- 
proximately 60 degrees tilt along the axis 
of the pelvis. 


INTRAVAGINAL IRRADIATION 


Intravaginal irradiation can be carried 
out at the same time. The addition of 
pneumoperitoneum would not seem to pro- 
duce as much variation in the dosage de- 
livered in this case as 1n external irradiation 
since here the solid tissues to be irradiated 
intervene immediately beneath the portal 
of entry. The tumor-bearing cervix and the 
lower segment of the uterus being directly 
in the midline protect the rectum immedi- 
ately posterior where the intravaginal beam 
is directed straight backward; angulation 
of the cone so as to direct the beam into 
either fornix likewise avoids the rectum. 
If the angulation of the beam is limited to 
a horizontal plane, then the bladder and 
rectum will also be protected. We have 
found it possible to angulate the vaginal 
cone 1§ to 17 degrees laterally as suggested 
by Wasson, Bouslog and Jackson.® The re- 
moval of the small intestine from the field 
of irradiation by pneumoperitoneum per- 
mits larger doses, as previously mentioned: 
800 to 1,000 r daily until 10,000* to 15,000 r* 
is given, using cones 2.5 to 3.5 cm. in diame- 
ter. The dosage varies greatly depending 
on the character and extent of the local 
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Fic. 9. Intravaginal irradiation with the patient 
in the Trendelenburg position. 


growth; if the cervix is involved with a 
large bulky growth, total doses up to 15,000 
r* or even more may be given; if the tumor 
is ulcerated and the amount of tissue small- 
er in quantity, then 10,000 r* is about the 
limit. A long metal cone (Odmann type) 
applied directly to the growth (Fig. 8) prac- 
tically excludes the proximal portion of the 
vagina from irradiation; this is inadvisable 
for the entire course of irradiation since 
the proximal portion of the vagina should 
be irradiated to prevent spread along the 
vaginal septum. On this account it would 
seem advisable to utilize an accessory 
radiotransparent hard rubber or bakelite 
cylindrical speculum of the Fergusson type 
in a manner somewhat similar to that sug- 
gested by Merritt.‘ In place of having a 
short conical master cone attached to the 


* Some tendency to rectal stricture coming on almost a year 
later would suggest proceeding cautiously. It is questionable if 
such large intravaginal doses are necessary; perhaps 75 per cent 
of the amouuts here indicated would suffice. 
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tube which makes a loose connection with 
the radiotransparent speculum (a few de- 
grees variation in the angle of radiation 
might seriously overdose the proximal por- 
tion of the vagina) we suggest utilization 
of a metal cone which attaches tightly to the 
tube shield but slides readily into the hard 
rubber speculum. The metal tube should 
be 2.5 to 3 cm. shorter than the radiotrans- 
parent speculum so that when the two are 
nested properly there will still be 2.5 to 3 
cm. of the proximal vagina subjected to 
irradiation. Since spread of the beam into 
the adjacent adnexal region is accomplished 
more effectively by angulation of the tube, 
this arrangement finds its greatest purpose 
in irradiation of the proximal third of the 
vagina. If a hard rubber speculum is used 
entirely, overexposure of the proximal por- 
tion of the vagina will preclude adequate 
irradiation of the cervical portions. Pneu- 
moperitoneum would not seem to aid 
greatly the radiation dosage from this 
source so that perhaps the isodose charts 
reported by Erskine® for small fields of this 
character may be accepted as approxi- 
mately correct—at least it would not seem 
that the dosage is reduced from use of pneu- 
moperitoneum. 


RESULTS 


This procedure has been carried out in 
relatively few instances; only patients re- 
fusing radium therapy have been utilized. 
For a proper evaluation of the effectiveness 
of this method in cure of the disease, the 
treatment of many patients and observa- 
tion over a long period of time will be neces- 
sary. More than 600 cases of carcinoma of 
the cervix treated with radium and roent- 
gen therapy according to the methods pre- 
vailing at various periods over seventeen 
years have shown that our end-results in 
the total number of cases which we were 
able to follow are about the same as the 
prevailing average five-year cures reported 
throughout the country. There would be 
little point, therefore, in a statistical study 
of the percentage of cures. Such a group of 
cases, all treated and followed under the 
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observation of the same individual should 
be a good background, however, for com- 
parison of the reactions obtained by this 
and other methods of treatment. It may 
be permissible, therefore, to make sume ob- 
servations on the character of the reactions, 
both local and constitutional, obtained. 

Although five portals besides an intra- 
vaginal treatment were given daily, nausea 
and vomiting did not occur if the intestines 
were properly displaced from the pelvis. 
To insure this the bowels must be kept 
empty and there must be sufficient air in 
the abdomen; in addition, the patient must 
be placed in a sufficiently inverted position 
to insure displacement of the intestines out 
of the pelvis. Rectal tenesmus and diarrhea 
have never developed. It would hardly 
seem possible to deliver such a daily dose 
of radiation over such a long period of time 
without nausea and vomiting or diarrhea 
if the intestines were included in the fields 
of irradiation. Likewise, it seems to us that 
the local skin reaction for the same dosage 
of roentgen radiation, measured in air, is 
less than when the intestines with their con- 
tents occupy the pelvis; this will permit a 
certain amount of additional radiation to 
each portal to build up to the same skin 
reaction, delivering, therefore, a greater 
quantity in the pelvis. 

Perhaps the greatest variation in local 
reaction is noted in the cervix and vagina; 
with radium application in the cervix, and 
vaginal application either in a colpostat, 
vaginal pack or bomb, the greatest degree 
of reaction is naturally about the cervical 
orifice. Here the reaction is necrotic in char- 
acter but rapidly shades off into a hemor- 
rhagic denudation of the mucous membrane 
at the periphery of the cervix; the vaginal 
discharge is often profuse. With intrava- 
ginal roentgen irradiation the cervix does 
not show necrotic reaction, but becomes 
covered with a milky pseudomembrane 
which bleeds easily on manipulation, the 
epithelite reaction commonly seen on ir- 
radiation of mucous membranes elsewhere, 
and there is relatively less discharge. There 
seems to be even greater difference in the 
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vaginal reaction. With radium application 
the vaginal mucosa seems to show more 
reaction with relatively greater tendency 
to adhesive vaginitis, and the perivaginal 
fibrosis is most pronounced causing con- 
striction of the vagina which may at times 
amount almost to obliteration. The reac- 
tion to intravaginal roentgen irradiation, 
on the other hand, does not seem to be as 
great on the vaginal mucosa; the reaction 
is attended by a certain degree of vaginal 
tenesmus manifested on digital examina- 
tion and on attempting to separate the 
blades of a bivalve speculum for examina- 
tion. This is not due to fibrous tissue con- 
traction since even at this time the cylindri- 
cal speculum can be readily introduced So 
far, in our limited experience with intra- 
vaginal roentgen irradiation we have not 
seen the extreme degree of constriction at- 
tended with radium application. During 
the period of reaction, however, there may 
be increased sensitiveness of the parts. 
There is little difference in the reaction 
from intravaginal roentgen irradiation with 
pneumoperitoneum. 


COMMENT 


This method is suggested merely with 
the hope that it may be a means by which 
greater quantities of radiation may be de- 
livered into the parametrial tissues in 
treatment of cancer of the cervix without 
permanent damage to other normal struc- 
tures. We are not sure, of course, that the 
selection of fields for roentgen irradiation 
is the best and indeed it may be found 
that those commonly in use at present may 
be most practical. More accurate compara- 
tive measurements made by our physicists 
and the proof of clinical results will be 
necessary to ultimately determine these 
facts. The parametrial structures occupy 
regions scarcely 5 cm. in greatest diameter 
on either side of the pelvis; they bear the 
lymph nodes most frequently involved in 
the spread of the malignant process; with 
the vulnerable intestinal structures out of 
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the way, why should not these areas be 


attacked by multiple portals and cross 
fire methods just the same as any other 
centrally located growth? 


SUMMARY 


The radiosensitivity of the intestines has 
always been a disadvantage in irradiation 
of the parametrial regions in cancer of the 
cervix. 

Artificial pneumoperitoneum and_ the 
Trendelenburg position will permit almost 
complete displacement of intestinal struc- 
tures from the pelvis. 

A method of external roentgen irradia- 
tion directed to cross firing of adnexal re- 
gions under these conditions is described. 

Vaginal measurements, in our limited ex- 
perience, would seem to indicate that 
greater irradiation of the adenexal regions 
can be obtained by use of pneumoperito- 
neum and the Trendelenburg position than 
by ordinary external irradiation. 

Constitutional reactions, even with five 
external and one vaginal portal daily, have 
failed to develop if the intestines are pro- 
perly displaced and excluded from irradia- 
tion.* 
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* For discussion see page 706. 
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MPROVEMENT in the results obtained 
in the treatment of carcinoma of the 
uterine cervix is to be expected only if the 
proportion of early to late cases increases or 
if improvements in the techniques of treat- 
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Fic. 1. Roentgenogram of normal female pelvis 
showing: locations of pelvic nodes (along with 
more centrally located ureteric nodes) most fre- 
quently involved by carcinoma metastatic from 
carcinoma of the uterine cervix; distance of these 
nodes from midline; mean values of the doses de- 
livered by various methods of intracavitary and 
intravaginal irradiation at different distances from 
the midline (see Table 1). 


ment can be effected. Improvement of radi- 
ation techniques implies the administration 
of an increased dose of penetrating radia- 
tions to cancer affected or cancer bearing 
zones without compromising the integrity 
of normal tissues. Frazell? has shown that 
improvement in results occurs as the dose of 
radiation at the lateral pelvic walls in- 
creases. An increased dose to the outlying 
zones of involvement is probably not to be 
expected from changes in either the tech- 
nique of external irradiation or the tech- 
nique of intracavitary irradiation from im- 
provements already well known, unless it 
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INTERSTITIAL IRRADIATION IN CANCER OF THE 
UTERINE CERVIX* 


By J. ROBERT ANDREWS, M.D. 
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should be effected by changes in the time 
and intensity factors, for in these tech- 
niques the tolerance of normal tissues is the 
dose limiting factor. Increased dosage must 
therefore be effected by interstitial irradia- 
tion. Such irradiation cannot haphazardly 
be either prescribed, administered or as- 
sessed. It must first be known what the 
common sites of lymph node involvement 
in the pelvis are. It must next be known 
what dose of radiation is received at these 
sites by methods of external and intra- 
cavitary irradiation commonly employed. 
Lastly, the order of magnitude of the de- 
ficiency of that dose, so far as a cancericidal 
dose is concerned, must be determined, for 
the amount by which that dose is deficient 
will therefore be the dose which must be ad- 
ministered by interstitial irradiation. 

The pelvic nodes usually involved by car- 
cinoma secondary to carcinoma of the uter- 
ine cervix are well known. Taussig,’ on 
the basis of his own experience, and 
Walker,” in an elaborate review of the lit- 
erature of this subject, found that lymph 
node involvement was predominantly uni- 
lateral and that the nodes most likely to be 
affected were the hypogastric, at the bi- 
furcations of the common iliac vessels, the 
ureteric, at the crossings of the uterine ar- 
teries and ureters, the obturator, at the 
entrances to the obturator canals and a 
node on either side at the lateral pelvic wall 
lying midway between the first and third, 
termed by Leveuf and Godard (quoted by 
Walker) the “ganglion principal.”’ The 
roentgenogram is employed extensively in 
the determination of the positions of these 
nodes and in the prescription, administra- 
tion and assessment of dosage in interstitial 
irradiation. The usual locations of the lat- 
eral (hypogastric, obturator, and “‘princi- 
pal’) nodes in respect to the bony struc- 


* Read at the Twenty-sixth Annual Meeting, American Radium Society, Cleveland, Ohio, June 2-3, 1941. 
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tures seen on the roentgenogram are shown methods of intracavitary, intravaginal and 
in Figure 1. paracervical interstitial irradiation referred. 
Arneson,! Wasserburger and Smereker," to above. These doses are charted on the 
Sandler,® Tod and Meredith’ and Hurdon’ roentgenogram in Figure 1. It is seen that 
have published data on the doses delivered all of the lateral pelvic nodes lie at, or near, 
to various points in the female pelvis by dif- the 2,000 r, zone but that none of them lie 
ferent techniques of intracavitary and in- within this zone in regions of greater dos- 
travaginal irradiation. The doses delivered age. 
to these same points by the paracervical The usual dose received by the hypogas- 


TaBLe | 

Dosage delivered by various techniques to different points in the pelvic contents and pelvic wall as deter- 
mined by various authors. 

Orientation of points: 

Point A: Level of internal os 2 cm. from midline (lateral peritoneal surface of uterus). 

Point B: Point in broad ligament 3.5 cm. from midline. 

Point C: Fleshy pelvic wall and dose at obturator node and “ganglion principal,” about 5 cm. lateral to 
midline. 


Author Dose (ry) 

Point A Point B Point C 
Arneson! intrauterine tandem and colpostat 12,000 7,000 3,000 
Wasserburger and Smereker'® Paris technique 2,3 I ,230 
Stockholm technique 2,000 goo 
Sandler® Marie Curie Hospital technique 3,000 1,600 
Paris technique 4,500 2,250 
Manchester technique 7,000 4,250 
Tod and Meredith"® Paris technique 6,150 2,500 
Stockholm technique 5,400 1 ,800 
Manchester technique 7,2 2,400 
Walker ‘‘4 cylinder” applicator 10,000 4,200 2,020 
cylinder” applicator 9,450 3,600 1,770 
Hurdon* 6 ,600 3,000 

Pitts and Waterman® 
Dose assessment on basis of Stenstrom, ef tables 1,500 
Dose assessment on basis of Paterson and Parker‘ curves 3,700 2,350 


Attention should be called to the fact that these calculations generally represent the maximum dosage under 
ideal conditions. For average conditions it probably is valid to take the mean values of the above determina- 
tions. These mean values are as follows: 

Mean values 8 , 32: 3,650 2,020 


These values are probably a fair representation of the average dose in the average radium treatment of an 
average case of carcinoma of the uterine cervix. 


interstitial irradiation technique of Pitts tric, “principal” and obturator lymph 
and Waterman® have been estimated by nodes from intracavitary, intravaginal and 
reference to standard dose tables. All of paracervical interstitial irradiation is there- 
these data are summarized in Table I. Asa_ fore 2,090 ry. A minimum dose of 6,000 r, 
working basis for average techniques it is probably required to destroy squamous 
probably is valid to take the mean doses of cell carcinoma metastatic to lymph nodes 
all of these authors and arbitrarily establish with a dose of 8,000 r, probably being uni- 
these as the doses likely to be received in formly effective and yet within the bounds 
the pelvic nodes described above from the of normal tissue tolerance. A cancericidal 
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Fic. 2. Lateral roentgenogram of female pelvis after 
implantation of radon sources showing that the 
disposition of sources can be limited by trans- 
vaginal implantation to a slab of tissue less than 
3 em. thick. 


dose in these nodes is deficient, therefore, 
by at least 4,000 r,, using the methods enu- 
merated above, and this deficiency is the 
dose which must be provided by interstitial 
methods of irradiation. (The complemen- 
tary effect of external roentgen irradiation 
on this dose is not considered in this study. 
Suffice it to say that such complementary 
irradiation might raise the total dose in 
these nodes from 6,000 to about 8,000 r,.) 

Permanent gold radon implants, each 
containing 2 millicuries, have been em- 
ployed in this study in preference to remov- 
able radium needles for it is thought that 
the technique of implantation is easier and 
because the necessity for removing the 
sources and the possibility of losing the 
sources in the pelvis are obviated. It is not 
thought that better distribution of sources 
can be achieved by the use of needles. The 
actual implantation of the radon implants 
is a blind transvaginal procedure subject 
only to the control of the palpating fingers 
and roentgenographic surveys made during 
the procedure. That the plane of implanta- 
tion, and therefore the volume, can be fairly 
well controlled is shown in Figure 2, which 
is a lateral view of the pelvis made after the 
completion of the implantation which 
shows that the implants are concentrated in 
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a slab of tissue the thickness of which js 
only 2.8 cm. 

The actual technique of prescription of 
dosage and distribution of sources, the im- 
plantation of the sources, and the final as- 
sessment of dosage are as follows: 

An anteroposterior roentgenogram of the 
pelvis is made and on this the positions of 
the hypogastric, “principal” and obturator 
nodes are spotted (Fig. 3). (The centrally 
located implants already a on this film 
are some which were implanted super- 
ficially into surface vaginal extension of the 
tumor ten days before for the purpose of 
bringing, along with external roentgen irra- 
diation, rather profuse bleeding under con- 
trol before proceeding with the deep inter- 
stitial implantation. These sources are not 
considered in the calculations which fol- 
low.) The hypogastric node lies just below 
the sacroiliac joint, the obturator at the lat- 
eral pelvic wall one-third of the distance 
from a line joining Shenton’s lines to a line 
joining the uppermost margins of the fem- 
oral heads and the “ganglion principal” at 
the lateral pelvic wall midway between 
these two (Walker!?). The volume of a con- 
tinuous zone of tissue lying between and 
including these nodes and a reasonable zone 
medially to allow for variations in implan- 
tation and positions of the nodes and to 


Fic. 3. Roentgenogram of female pelvis (case of 


carcinoma of the uterine cervix) showing positions 
of frequently involved pelvic nodes spotted pre- 
paratory to determining dosage requirements. 
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bring this implanted zone within the range 
of adequate irradiation from other intra- 
cavitary or intravaginal sources must be 
computed. The thickness of this zone, if it 
is considered as a slab and if it is not palpa- 
bly enlarged by grossly demonstrable tu- 
mor, does not exceed 2 cm., and the area 
can be determined by several methods, 
possibly the simplest being by treating the 
area as a series of thin cylinders as shown in 
Figure 4. This total area is first determined 
and the volume can then be determined by 
multiplying this by its thickness (2 cm.). 
The volume as determined in this instance 
is 42 cc. for a slab of tissue 2 cm. thick, and 
62 cc. for a slab 3 cm. thick. 

The dose, in millicurie-hours, required to 
deliver the required dose to this volume of 
tissue (5,000 r, in this instance was se- 
lected as being desirable) is determined 
with the aid of either the tables of Sten- 
strom, Quimby and Pendergrass® or the 
curves of Paterson and Parker.‘ For a vol- 
ume of 42 cc. (thickness of slab, 2 cm.), 
2,600 me-hr., and for a volume of 62 cc. 


° 
Estymated Volume 
thickness 2¢m.-42¢ 

3° +62 


$000r (42cc} = 2600 meh. 
$000r (62 cc) = 3400 mch. 
Moomeh 13 «2 me 


Fic. 4. Roentgenogram of female pelvis (case of car- 
cinoma of the uterine cervix) showing: (a) circles 
drawn around points indicating lateral pelvic nodes 
to aid in the determination of the volume of this 
zone (for complete explanation see text); (4) esti- 
mated volume of this zone for thicknesses (in co- 
ronal, or near-coronal, plane) of 2 and 3 cm.; (c) 
amounts of radon required for doses of 5,000 ry to 
volumes of tissue noted (see text); (d) trial spotting 
of sources and trial determination of doses at 
points indicating nodes as determined by the 
Souttar method. 
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Fic. 5. Roentgenogram shown in Figure 4 with 
Souttar calculator superimposed. The right angle 
of the triangle lies on the point indicating the hy- 
pogastric node. The point of origin of the calcula- 
tor bar lies on the 2 cm. mark. The side of the tri- 
angle lies on the point indicating one of the radon 
sources and where the calculator bar crosses this 
point the dose in gamma-ray roentgens at the node 
from this particular seed is read directly from the 
scale on the calculator bar. 


(thickness of slab, 3 cm.), 3,400 mc-hr. is 
required. The larger volume was selected as 
being more appropriate for this case as pal- 
pable pelvic tumor was present. Thirteen 
radon implants each containing 2 mc. there- 
fore are required for a dose of 3,400 mc-hr. 

The adequacy of this dose is determined 
by trial estimation of it by spotting in the 
thirteen sources on the roentgenogram. 
Distribution of these sources obviously can- 
not be optimum. It is considered, however, 
that the maximum distance which any of 
these sources will be separated, in the coro- 
nal or near-coronal plane, from these nodes 
will be 2 cm., for it has been shown (Fig. 2) 
that the thickness of the slab of implanta- 
tion can be limited clinically to within 3 
cm. All of the determinations are therefore 
based upon the proposition that the sources 
are at a maximum distance of 2 cm. in the 
coronal plane from the nodes and that if 
determinations of the doses are made on 
this basis the results will indicate minimum 
and not maximum doses. The dose de- 
livered to each of the three nodes from each 
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Fic. 6. Roentgenogram of same case of carcinoma of 
the uterine cervix made during the implantation of 
radon sources. Distribution of sources in the re- 
gions of the hypogastric and obturator nodes is 
good but is deficient in the region of the “ganglion 
principal.” 


of the thirteen sources is rapidly deter- 
mined by using the triangulation method 
of Souttar’ with the calculator bar set at the 
2 cm. level on the base of the triangle and 
the right angle of the triangle on the point 
designated as the site of the lymph node 
(Fig. 5). The perpendicular edge of the tri- 
angle is placed on the mark designating one 
of the implants and at the point where the 
edge of the calculator bar crosses this mark, 
the dose is read directly in gamma-ray 
roentgens from the calculator bar. The 
base of the triangle is marked in half centi- 
meter divisions corrected for the magnifica- 
tion caused by the distortion of projection 
inherent in roentgenograms. The dose scale 
is also corrected for this magnification and 
is calibrated to read gamma-ray roentgens 
directly for each 2 millicuries-destroyed 
and filtered by 0.3 mm. of gold. The dosage 
rate under such conditions and used for the 
calibration of the dose scale was computed 
to be 9.2 r,/mch/cm. The results of the 
trial assessments of dosage are shown in 
Figure 4. The dose is still deficient by some 
30 per cent from that determined above as 
being desirable. Sixteen or seventeen 2 mc. 
implants would therefore be used for the 
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actual implantation instead of the thirteen 
as determined above. 

The implantation can conveniently be 
performed on a combination cystoscopic 
and roentgenographic table. Half, or some- 
what more, of the seeds are implanted 
transvaginally, under manual control, into 
the deep and lateral tissues of the pelvis 
and a roentgenogram is taken. The re- 
mainder of the implants are placed where 
needed. Such a preliminary film is shown in 
Figure 6. In this instance the initial dis- 
tribution in the vicinity of both the hypo- 
gastric and obturator nodes is adequate, 
but no implants are present in the tissues 
intervening between the two. The remain- 
ing implants are then placed in this zone as 
shown in Figure 7. 

The adequacy of the procedure is further 
checked by a final roentgenogram (Fig. 7) 
on which the doses delivered to the sites 
of the nodes are quickly determined by us- 
ing again the Souttar calculator. It should 
be emphasized that the doses so determined 
are likely to be minimum and not maxi- 
mum ones. Doses of 4,300 r, are shown at 
the hypogastric and obturator nodes and a 


Fic. 7. Roentgenogram of same case of carcinoma of 
the uterine cervix made at the completion of the 
implantation of radon sources showing that three 
seeds have been placed in the vicinity of the ‘“‘gan- 
glion principal” and showing the dose in gamma- 
ray roentgens, as determined with the Souttar 
calculator, received at each of the three principal 
lateral pelvic lymph nodes. 
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dose of 5,700 r, is shown at the “ganglion 
principal.” If 2,000 Ty, this being the 
probable dose from the intracavitary irra- 
diation, is added to these doses, then total 
doses of 6,300 r, at the hypogastric and 
obturator nodes and a total dose of 7,700 r, 
at the “ganglion principal” are obtained. 
These are well within the range of canceri- 
cidal doses. 

The number of cases in which this tech- 
nique has been employed, either in whole or 
in part, in the past two years is fourteen. 
These have been Stage 111 or late Stage u, 
parametrium, cases. No fatality, pelvic ab- 
scess, or hemorrhage has been observed. It 
has been our feeling that rectal reactions of 
the types described by Todd" may have 


been more severe than we have seen in 


those patients that have not had intersti- 
tial irradiation, but on the other hand a 
Stage I case in whom rectal bleeding was the 
most profound of any we have observed, 
had neither external roentgen irradiation 
nor interstitial gamma irradiation. Colos- 
tomy has not been necessary as even one 
acute complete obstruction was relieved 
after symptomatic treatment. Attempts 
have been made to determine anatomically 
the actual distribution of sources implanted 
blindly through the vaginal mucous mem- 
brane by performing the procedure on 
cadavers. The rigor of the cadaver pre- 
cludes accurate control of the inserters and 
this part of the study was not considered 
very valid. The roentgenogram frequently 
shows that fewer seeds are present than 
were actually implanted. Some possibly are 
lost or fail to remain in the tissues and are 
withdrawn with the implanter. We have 
thought that some may enter and be lost 
in the rectum. 

That the use of the method in the treat- 
ment of late Stage 1, parametrium, and 
Stage III cases is justified is shown by the 
fact that Taussig reports that in 35 per 
cent of all Stage 1 cases involved pelvic 
nodes are already present. Carcinoma of 
the uterine cervix in either one of these two 
stages constitutes the chief indication for 
the employment of interstitial irradiation 
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in the treatment of the lymph node metas- 
tases of the disease. 


CONCLUSIONS 


The dose of radiation delivered to lateral 
pelvic nodes in the usual intracavitary or 
intravaginal radium treatment of carci- 
noma of the uterine cervix is short of being 
a cancericidal one by at least 4,000 r,. 

This deficiency can be obviated by treat- 
ing the lymph node zones by interstitial 
irradiation. 

Such interstitial irradiation can safely 
and successfully be performed by trans- 
vaginal implantation of permanent im- 
plants under manual and roentgenographic 
control and the adequacy of the dose can 
be graphically determined. 

The high incidence of involved pelvic 
nodes in Stage 11, parametrium, cases indi- 
cates the necessity for the complementary 
use of interstitial irradiation in the treat- 
ment of patients in this stage, and in Stage 
III. 


The author wishes to express his appreciation to 
the Tumor Clinic of St. Vincent Charity Hospital 
for the use of some of the clinical material upon which 
this study is based. 
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DISCUSSION ON PAPERS OF DRS. FRICKE AND 
BOWING, SANTE, AND ANDREWS 


Dr. P. Hearty, New York City. Dr: 
Fricke’s paper in general verifies well-known 
facts which have been common knowledge now 
for ten years. In going over the references to 
the literature, I was interested to note that he 
has, as a radiologist, looked only into radiologi- 
cal literature for his references. It is well known, 
it seems to me, that today possibly the most 
advanced work that has been done on cancer of 
the corpus uteri has come from the gynecolo- 
gists who have been trained in irradiation, and 
if one wants to find modern literature on the 
treatment of cancer of the corpus and its classi- 
fication he must read the journals in which the 
gynecologists’ papers appear. I believe this ap- 
plies just as well to the gynecologists; they 
should read the radiological journals. We should 
each know what the other group is doing. 

Radiation therapists of course have been 
handicapped in their recognition of the radio- 
sensitivity of adenocarcinoma to radiation 
methods of therapy because of the school of 
Regaud. Regaud stated some years ago that 
adenocarcinomas were not to be treated by ir- 
radiation. Therefore it should not be used; 
surgical methods were the only procedures to 
be followed. 

Personally I was very glad to note that Dr. 
Fricke has recognized the value of histologic 
grading as a prognostic factor in cancers of the 
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corpus. We have been talking about that for 
ten or twelve years, and there is no doubt about 
its value. 

It has been emphasized at these meetings, 
and I think it ought to be a well-accepted fact 
today, that about 50 per cent of the cases of 
cancer of the corpus are of the low grade his- 
tologic type of cancer and represent the cases 
that are cured by a simple panhysterectomy. 

The prognosis in histologic Grades 3 and 4, 
it is my impression, is not any better under 
surgery than it is under irradiation. 

As Dr. Fricke said, radiation therapy has a 
very large field of usefulness in cancer of the 
corpus because of the advanced age of our pa- 
tients, and the many contraindications to major 
surgery. 

I believe that 6,400 to 7,400 millicurie-hours 
is rather a heavy dosage in these fragile uteri 
when given intrauterinely. 

I would like to know, as a matter of informa- 
tion, how much roentgen radiation is ordinarily 
given and over what period of time and how 
soon it is started after the radium therapy is 
completed. 


Dr. Lawrence A. Pomeroy, Cleveland, 
Ohio. I have been asked to discuss the paper by 
Dr. Sante on pneumoperitoneum during irra- 
diation. As a matter of fact, | have had no per- 
sonal experience in that method but a few 
things do occur to me. 

It seems to me that this displacement of the 
intestines, from a mechanical point of view, is 
most excellent if you can really remove the in- 
testines from the pelvis and be sure that there 
are no adhesions there to keep them from leav- 
ing the pelvis and going to the upper abdo- 
men. The only shortcoming is that you can’t 
remove the rectum from the pelvis temporarily, 
but I think the mechanical removal of the loops 
of small intestine is an excellent idea. 

As I understand it, the skin dose, measured 
with backscatter, is reduced from 285 to 25§ r 
per field. | wonder whether or not that is a sig- 
nificant change. It seems to me the greatest use 
of this method was not mentioned specifically 
and that is in the irradiation of carcinoma of the 
cervix developing in the stump after a supra- 
cervical hysterectomy. I think we all fear the 
presence of a loop of intestine adherent to the 
cervical stump in this group of cases. It seems 
to me that possibly the greatest promise of this 
method is in clearing the pelvis of the loops of 
intestine when treating the stump where there 
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is no uterine body to hold the intestines out of 
the way. 

I have gone over this paper with much inter- 
est and it seems to me that further observation 
along this line will be very valuable. 


Dr. Cuartes L. Martin, Dallas Texas. I 
feel that there are elements of danger in the 
blind type of implantation advocated by Dr. 
Andrews. The most serious complication seen 
with carcinoma of the cervix is ureteral stricture 
secondary to lateral extension of the tumor and 
therapy given to the sides of the pelvis should 
be aimed at preventing this serious condition. 
A series of experiments performed by Dr. 
Rogers and myself in 1926 revealed the fact 
that 75 milligram-hours applied directly to the 
ureter of a dog will produce a complete radia- 
tion stricture. It is evident, therefore, that im- 
plants placed near the ureters may produce the 
very condition that we wish to prevent. 


Dr. Frep J. Taussic, St. Louis, Mo. I have 
employed this technique of interstitial irradia- 
tion with radon seeds in selected cases for many 
years. The immediate results are often very 
satisfactory but in the course of six months to 
one and a half years there is usually a reappear- 
ance and extension of the disease. 

I have always taken a roentgenogram to be 
sure the radon seeds were placed in the desired 
position. This of course is a little bit clearer in 
the stereoroentgenograms. 

I am still convinced that wherever technically 
possible, the surgical excision of a metastatic 
lymph node has definite advantages over the 
use of radon seeds. 


Dr. Fricke (closing). I want to thank Dr. 
Healy for his very helpful discussion. We are 
always happy to learn from the gynecologist. 
We did not review the literature of the entire 
world on this subject. Since this is a radiologic 
society the subject is dealt with from the 
radiologic standpoint and the various surgical 
methods are not discussed in detail. Hence, the 
references used came from radiologic journals. 

Dr. Healy brought up several points, one of 
which concerned the histologic grading of tu- 
mors. We have always realized the importance 
of that type of grading. In reviewing several 
hundred cases of carcinoma of the cervix, how- 
ever, we could not find any difference in end- 
results among the cases in which the lesions 
were of Grades 2, 3 and 4 nor did we observe 
any real difference in the rate of five year cures. 
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There were not enough carcinomas of Grade 1 
to permit any conclusion to be drawn and al- 
though there were a significant number of those 
of Grade 2, they were in the minority. 

Regarding the stage of disease, for many 
years we have used the classification presented. 
Doubtless this method is cumbersome but we 
believe it best to employ four stages in carci- 
noma of the uterine fundus, just as we do in 
carcinoma of the cervix. Briefly, in carcinoma 
of Stage 1 the growth is limited to the uterine 
cavity, the uterus is not enlarged and is freely 
movable. In Stage 11 there still is some degree 
of mobility but the uterus is definitely enlarged. 
In Stage 111 there is evident the beginning of 
fixation, frequently there is a small primary 
growth in the uterus, and malignant change is 
present in the cervix and in the vaginal walls. 
In Stage iv there is definite fixation, often a 
frozen pelvis and often obvious metastasis to 
other organs. 

In regard to Dr. Healy’s query about roent- 
gen therapy, we first devote two or three weeks 
to radium therapy in each case, treating the 
patient about twice a week with intrauterine 
applications and daily with vaginal applica- 
tions. At the end of this period roentgen therapy 
is carried out. This treatment consists of the 
application of about 550 roentgens, measured in 
air, to each of four or six portals, so that the 
treatment takes only four to six days after the 
conclusion of the radium therapy. 

In this series of cases the five year results are 
better than in the series reported ten years ago 
because the surgeons, I believe, are beginning 
to have confidence in the efforts of the radiolo- 
gists and are referring patients for radiation 
treatment earlier than formerly, that is in a 
less advanced stage of disease. In the group of 
ten years ago, there were only 23 per cent of 
five year survivals and of the entire group in 
only 21 per cent of the cases was the disease of 
Stage 1 or Stage 11. Of the present group, in 40 
per cent of the cases the disease was of Stage I 
or Stage 11 and in these cases of early carcinoma 
there were many patients with other serious 
diseases which precluded surgical intervention. 


Dr. Sante (closing). Just a word with refer- 
ence to Dr. Pomeroy’s discussion. There can 
be no question of removal of the intestines from 
the pelvis by pneumoperitoneum because you 
can see very clearly under fluoroscopic examina- 
tion that they are completely removed from the 
pelvis if enough air is introduced into the abdo- 
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men. The only thing that could possibly prevent 
them from being displaced would be adhesions 
which are relatively infrequent and rarely suffi- 
cient to prevent removal of the intestines. 

One reason for the fields that were recom- 
mended by Arneson and Quimby was the divi- 
sion of the field anteriorly because in that way 
you do protect to some extent the midline 
structures of the bladder and rectum. It seems 
to me that by this method the rectum certainly 
would not receive any greater radiation than 
it would under ordinary conditions. Perhaps a 
little less because there would not be the addi- 
tional scattering that would ordinarily come 
from the surrounding intestines. 

Dr. Pomeroy did not understand my point 
with reference to the reduction of the skin sur- 
face dose after the removal of the underlying 
intestines with pneumoperitoneum. My idea 
was this—and it seemed the only explanation I 
could find—we noticed a lower ionization read- 
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ing on the skin with pneumoperitoneum and 
then tried to think of why it should be. In a 
person with a relatively thin abdominal wall, if 
you have an underlying material which adds to 
the backscatter on the skin, you naturally get 
a greater surface dose with the ionization cham- 
ber on the skin than if the underlying material 
is removed. This was not claimed as any great 
advantage in the method except to indicate that 
it might permit one to give a little more primary 
dosage on the surface and thereby deliver a 
little greater dose in the depth. 

Dr. Pomeroy’s suggestion that its greatest 
usefulness might be in cases of cervical stump 
carcinoma is interesting. I hadn’t thought of it 
particularly, yet I can see how it might be of 
value here. The only thing that suggests itself 
to me is that under these conditions there would 
be a greater likelihood of intestinal adhesions, 
the only thing which might make it impossible 
to carry out the method. 
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CLASSIFICATION OF CANCER OF THE BREAST 


By SAMUEL GEORGE SCHENCK, M.D. 


BROOKLYN, NEW YORK 


HEN a patient first presents herself 

with a growth in the breast and the di- 
agnosis of carcinoma is established by bi- 
opsy, the case is classified in the proper 
clinical group and subdivision. The accu- 
rate allocation of each case to its proper 
category serves several purposes. It ensures 
a thorough physical examination which 
permits no omissions in the systematic sur- 
vey of the patient, for the reason that the 
grouping takes into consideration every 
possible clinical finding. It also indicates 
the management of the case, groups the 
factors of operability and inoperability, and 
tends to estimate the immediate and ulti- 
mate prognosis. It clarifies the maze of sta- 
tistical five year reports by indicating the 
type of case and the original condition of 
the lesion treated. Not only do the criteria 
for operability vary in different clinics and 
by different surgeons, so that the evalua- 
tion of published statistics on five year sur- 
vivals is dificult and often confusing, but 
also the original degree of involvement of 
the disease at the time of the first examina- 
tion is seldom described when presenting 
the statistical end-results from the treat- 
ment employed. Hence, the results ob- 
tained by different methods of therapy can- 
not be estimated properly when the exact 
status of the condition originally treated is 
unknown or inaccurately presented. This 
confused state is unnecessary and may be 
obviated by designating each case in the 
proper stage immediately after the diag- 
nosis of cancer is confirmed. In this way, 
the therapeutic results may be evaluated 
readily for each group of cases so assembled 
in the classification. 

The classification of breast cancer into 
clinical groups is not new. In 1905, Stein- 
thal* first suggested a clinical classifica- 
tion upon which many of the recent ones 
are based. Pfahler,> Portmann® and the 
American College of Surgeons’ have lately 
classified breast cancer into three or more 
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clinical groups, roughly corresponding to 
early, intermediate and late stages of the 
disease. The objections to these groupings 
are probably best expressed by enumerat- 
ing the postulates of a clinical classification. 
These dicta should comprise the following 
features: namely, all-inclusiveness, prac- 
ticability, treatment, prognosis and statis- 
tical compilation. 

A classification which is adequate for 
many types of cases, but which does not 
permit a definite designation for each pos- 
sibility that may be presented fails to ful- 
fill the first prerequisite of the postulates 
enumerated above. Furthermore, the classi- 
fication must be serviceable and practical, 
or its value is considerably lessened. The 
value of the classification is in direct pro- 
portion to its practical application. Prac- 
ticability includes serviceability ; hence, the 
classification serves to include all types of 
cases generally met with, encourages thor- 
oughness in the physical examination, 
points out the plan of treatment, indicates 
the possible outcome, and aids materially 
in the evaluation of end-results for each of 
the various types of cases classified. 

Other classifications, formerly suggested, 
have failed not only to receive general rec- 
ognition and acceptance, but also have not 
satisfied the postulates of a clinical group- 
ing just described. In the classification 
about to be described, these prerequisites, 
in my opinion, have been satisfied, thereby 
assisting, to no small extent, in the study 
of the disease. It has proved serviceable in 
more than two hundred cases studied in the 
past two years. 

Rather than first presenting the final 
classification table and from it explaining 
each of the stages, divisions, and subdivi- 
sions, it is deemed advisable to start from 
the beginning with the birth and then the 
evolution of the classification, so that a 
clearer and more precise understanding of 
the development of this clinical grouping 
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Fic. 1. The five main divisions of the classification 
of cancer of the breast (A to E), each representing 
the physical findings obtained from examination. 
A represents the status of the primary new- 
growth in the affected breast; B, the findings in 
the adjacent axilla; C, in the supraclavicular 
fossa; D, in the contralateral breast and its axilla 
and supraclavicular area; and E, distant metasta- 
sis to the chest, bone and other parts. 


can be grasped. By so doing the final chart 
becomes at once understandable and easily 
remembered. In a recent communication,’ 
the groundwork was laid from which the 
present chart was evolved. Although the 
classification, viewed as a unit, is by no 
means simple, once the evolution of the 
grouping is understood, the rationale of the 
entire table and its component parts be- 
comes apparent. 


PHYSICAL EXAMINATION 


The complete physical examination in- 
cludes careful inspection and palpation of 
(1) the affected breast, (2) the adjacent 
axilla and arm, (3) the supraclavicular 
fossa, (4) the contralateral breast includ- 
ing its axillary and supraclavicular area, 
and (5) the rest of the body including the 
chest, bones and other organs. 

In the affected breast, the tumor is ac- 
curately measured and its mobility in re- 
lation to the overlying skin and to the 
underlying tissues is noted. The skin, in- 
cluding the nipple, is carefully inspected 
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and palpated, observing its color and tex. 
ture, the presence of nodules, ulceration or 
discharge. When the examination of the 
entire breast is completed, the examiner 
next passes to the axilla, which is inves- 
tigated for the presence of nodes. Their 
number, size, fixity and the condition of 
the overlying skin are recorded in system- 
atic order. The presence or absence of 
lymphedema of the upper extremity is 
noted. Then the supraclavicular fossa is 
thoroughly examined for possible involve- 
ment. The examination proceeds to the 
contralateral breast and its regional glands 
for the possibility of extension. The breast, 
subcutaneous tissue and skin are carefully 
examined and the adjacent axillary and 
supraclavicular regions are also palpated 
for possible metastasis. Lastly, the physical 
examination is completed by a thorough 
examination of the chest, skeletal system, 
liver and other organs, with the assistance 
of roentgenography, if necessary. 


BIRTH OF THE CLASSIFICATION 


After the biopsy report indicates that we 
are dealing with cancer of the breast, the 
patient is then classified according to the 
following plan. If the physical status of the 
malignant breast itself is designated by 
capital A, the findings in the adjacent axilla 
by B, in the supraclavicular fossa by C, in 
the contralateral breast and its regional 
lymph glands by D, and in the rest of the 
organs (distant metastasis) by EF, we have 
the five large groups of the classification 
(Fig. 1), paralleling in sequence the routine 
physical examination. The designation A, 
which stands for the findings in the in- 
volved breast, is further subdivided into 
three subgroups indicated by the arabic 
numerals, 1, 2 and 3. Arabic numeral | 
designates the size of the widest diameter 
of the new-growth carefully obtained on 
physical examination. The status of the 
skin of the breast is represented by arabic 
number 2 which is further subdivided into 
five smaller divisions which accurately 
place the patient in the proper category 
which represents the clinical observations 
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of the skin at the first examination. Hence, 
2a indicates that the skin is involved in the 
malignant process by revealing an edema- 
tous or indurated appearance, or by pre- 
senting the so-called pig-skin or orange-peel 
skin. Further, 2b means that one or more 
nodules are present in the skin of the breast. 
Subdivision 2c is represented by the so- 
called inflammatory cancer in which the 
skin assumes an inflamed or erysipelas-like 
appearance. When the tumor shows evi- 
dence of having ulcerated into the skin, the 
patient is placed in class 2d. Cancer en 
cuirasse is designated by 2e. The arabic 
numeral 3 is reserved for those neoplasms 
that are definitely adherent to the under- 
lying pectoral muscles and fascia. 

In brief, therefore, remembering that A 
represents the findings of the primary dis- 
ease in the breast (Fig. 2), A1 indicates the 
size of the growth; A2, the fixity of the 
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Fic. 2. The findings in the affected breast (A) are 
represented by three divisions: 1, the size of the 
tumor measured in its longest diameter; 2, the 
status of the skin adherent to the underlying 
growth; 3, the fixity of the neoplasm to the under- 
lying tissues (chest wall). The findings in the skin 
of the breast (2) are further subdivided: a, the 
skin is partially or wholly indurated or edema- 
tous (including the orange-peel or pig-skin 
breast); b, the presence of one or more nodules in 
the skin; c, an inflamed skin (the so-called in- 
flammatory cancer); d, an ulcerated skin (ul- 
cerated cancer); e, cancer em cuirasse (the armor- 
plate cancer of the breast). 
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Fic. 3. The findings in the axilla (B) are indicated 
by five subdivisions: 1, the presence of more than 
three nodes, each movable and measuring less than 
2 cm. in its widest diameter; 2, one or more nodes 
larger than 2 cm. in size; 3, the fixity of one or 
more nodes, regardless of their size; 4, the ulcera- 
tion of a node; 5, lymphedema of the upper ex- 
tremity (in the absence of a previous mastectomy 
or of irradiation). 


growth to the skin, and A3, its adherence 
to the underlying tissues. If, in addition to 
being firmly adherent to the skin, the tumor 
also involves the tegumen further, A2 is 
further subdivided into a, b, c, d and e, 
depending on the nature of the involve- 
ment. Therefore, the designation is A2a 
when the skin is indurated or edematous, 
A2b when skin nodes are present, A2c when 
the skin is inflamed, A2d when it is ulcer- 
ated and A2e when the designation is 
cancer en cuirasse. 

As in the physical examination of the 
patient, attention is next drawn to the 
neighboring axilla which is represented by 
the capital letter B. This group (Fig. 3) is 
further subdivided into five lesser divisions 
depending on the possible clinical findings. 
When more than three nodes are palpable, 
the designation is B1, provided each node 
measures less than 2 cm. in its widest 
diameter and is freely movable. If one or 
more nodes measure more than 2 cm. in 
diameter, representing a rather large axil- 
lary metastatic nodule, the designation be- 
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Fic. 4. The presence of one or more supraclavicular yg, 6, Distant metastases, indicated by E, are 


nodes is represented by C. further divided into three groups: 1, intrathoracic 
metastasis; 2, bone metastasis; 3, extension to 

comes B2. If one or more nodes, regardless —ther organs or parts. 
of size, are firmly adherent to the skin or The group designated by C is reserved 


underlying structures or both, the classifi- for those patients who present clinical evi- 
cation becomes B3. Should a node ulcerate dence of the disease with one or more 


into the skin, the case is relegated to Bg. If supraclavicular nodes on the affected side 
the upper extremity shows evidence of (Fig. 4). 


lymphedema in the absence of a previous The status of the contralateral breast and 
operation or radiation therapy, the desig- ts axilla and supraclavicular fossa is repre- 
nation becomes Bs. sented by D. This group is further divided 


into five distinct parts (Fig. 5). An intra- 
mammary tumor is designated as D1, a 
subcutaneous mass by D2, one or more 
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Finity of node 


Fic. 5. The findings in the opposite breast and re- 
gional glands, represented by D, are divided into: 
I,anintramammary tumor; 2,asubcutaneous mass; 
3, cutaneous nodules; 4, axillary nodes, and 5, Fic. 7. Composite picture of clinical classification 
supraclavicular involvement of that side. of breast cancer. 
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cutaneous nodules by D3, palpable evi- 
dence of the disease in one or more axillary 
nodes as D4 and involvement of the ad- 
jacent supraclavicular space by Ds. 

Distant metastases are indicated by the 
letter E which may be conveniently sub- 
divided in three further divisions (Fig. 6). 
Hence, E1 stands for metastasis to the 
chest, E2 to the skeletal system, and E3 
to other parts or organs. 

The five main groups with their sub- 
divisions may now be brought together 
into one composite picture (Fig. 7). This 
illustration indicates the proper designation 
of each case at a glance. 

EVOLUTION OF THE CLASSIFICATION 

It is generally recognized that there are, 
broadly speaking, three clinical types of 
breast cancer. The early or mild case with 
a small, freely movable tumor and no 
glandular involvement; the intermediate or 
farther advanced case with the tumor 
somewhat larger and/or with several small, 
freely movable axillary nodes, and the ad- 
vanced type with a large growth which may 
be adherent or fixed and which may have 
considerable axillary involvement or supra- 
clavicular extension, or which may show 
contralateral or distant metastasis. We 
divide breast cancer into three such clinical 
stages, adding a fourth which is reserved 
solely for those cases which first present 
themselves for treatment after they have 
been previously operated on. Stage I repre- 
sents the early type; Stage II, the inter- 
mediate or more advanced form; and Stage 
III, the advanced cancer (Table 1). Arbi- 
trarily, we take 3 and 6 cm. as the pivotal 


figures in reference to the transverse diam- 


eter of the growth in the breast to allocate 
the lesion to its proper stage. If the tumor 
measures less than 3 cm. in its widest diam- 
eter, it is considered to be a small lesion, an 
early involvement, provided it is movable 
in relation to the skin and underlying 
tissues and provided there is no evident 
extension to the axilla and supraclavicular 
tossa and no distant metastasis. Such a 
lesion is placed in Stage I. 
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If the growth measures from 3 to 6 cm. 
in diameter, the overlying skin is free and 
normal, and the tumor is not fixed to the 
underlying tissues, the case is put in Stage 
II, provided the axilla is free from disease 
or reveals no more than three movable 
nodes which are not fixed and which meas- 


Taste | 
Stage | Early cases 
Stage II Moderately advanced cases 
Stage III Advanced cases 
Stage IV 


Postoperative cases 


ure less than 2 cm. in diameter. To remain 
in this stage, the supraclavicular fossa and 
opposite breast and its lymph-draining 
areas must be free from disease and there 
must be no evidence of distant metastasis. 

Stage III is reserved for all the other 
cases which have not as yet been operated 
upon when first seen. Thus, if the tumor 
measures more than 6 cm. in diameter, it 
falls into this stage. When the growth is 
firmly adherent to the skin, regardless of 
its size, it becomes a Stage III case. Simi- 
larly, when the mass is fixed to the chest 
wall, the case is considered advanced and 
is classified in Stage III. Other manifesta- 
tions which immediately relegate the pa- 
tient to this group are edema of the breast, 
nodules in the skin, inflammatory carci- 
noma, ulceration of the tumor and cancer 
en cuirasse, all obviously late, advanced or 
highly malignant characteristics. 

Stage III also includes patients who have 
more than three palpable axillary malig- 
nant nodes, or in whom one or more nodes 
measure more than 2 cm. in diameter, or in 
whom the nodes are fixed or ulcerated. 
Lymphedema of the upper extremity with- 
out previous mastectomy or irradiation is 
another indication for allocation in this 
stage. Regardless of the status in the breast 
and the axillary manifestations, the pres- 
ence of a hard, clinically malignant supra- 
clavicular nodule indicates an advanced 
case and rightfully belongs to Stage III. 
Similarly, contralateral extension and dis- 
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tant metastases are factors in designating 
the patient in Stage III. 

Stage IV is reserved for patients who are 
first examined after having been previously 


TaBL_e II 
TYPE OF OPERATION (0) 


O1 Simple excision of tumor 
Stage IV O2 Simple mastectomy 
03 Radical mastectomy 


operated upon elsewhere for the breast 
cancer. The nature of the previous opera- 
tion is designated by the capital letter O 
followed by the arabic numerals 1, 2 and 3 
depending on the type of surgery per- 
formed. Hence O1 represents a simple ex- 
cision of the breast growth; O2, a simple 
mastectomy, and O3 a radical mastectomy. 
If, upon examination, there is no evidence 
of this disease, the patient is classified as 
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Stage IV O1, or IV O2 or IV O3, depending 
upon the nature of the previous operation 
(Table 11). If there is evidence of local re- 
currence, the same designation as for the 
affected breast in non-operated cases, 
namely A, is used to classify this condition, 
Local recurrence, A, is subdivided into: 
1, which represents recurrence in the re- 
maining breast tissue; 2, in the skin, scar, 
stitch holes, and 3, in the underlying chest 
wall. Regional recurrence is represented by 
B when there is involvement of the axilla 
and C when the disease has spread to the 
supraclavicular fossa. Metastasis to the 
contralateral breast and its nodes is repre- 
sented by D which may be further sub- 
divided into five component parts depend- 
ing upon the location of the involvement. 
Hence, D1 indicates extension to the breast 
tissue itself; D2, to the subcutaneous tissue; 
D3, to the skin; D4, to the axilla, and Ds 
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CLINICAL CLASSIFICATION OF BREAST CANCER 


D 
Primary Tumor Supra- Opposite Breast . 
! Distant 
Axilla clavicular and 
i i Regional Nodes 
Size Skin ~ ated Fossa egio odes 
1 | Less than 3 | 
| cm. 
u | 3to6cm. — - I to 3 small, 


movable nodes 
less than 2 cm. 
in diameter 


| 1. More than | 2. Firmly adherent | 3. Adherent | 1. More than 3 One or more | 1. Intramammary 1. Chest 
6 cm. a. Edematousor | nodes palpa- | _ nodes palpa- tumor 2. Bone 
indurated (pig- | ble ble 2. Subcutaneous | 3. Other parts 
skin) | 2. Node larger | tumor 
ul b. Skin nodes | than 2 cm. | 3. Cutaneous 
c. Inflamed (in- 3. Fixity of nodule 
flammatory node | 4. Palpable node 
cancer) | 4. Ulceration | in axilla 
d. Ulcerated 5. Lymphedema 5. Palpable node 
e. cancer en | of upper ex- in supraclavic- 
cuirasse | tremity | ular fossa 
| Type of | Local Recurrence | Regional | Regional | Metastasis to 1. To chest 
Operation | Recurrence Recurrence | 1. Mamma 2. To skeleton 
1. In remaining breast tissue | 2. Subcutaneous | 3. To other 
O1. Excision | 2. In skin, scar, stitch holes | In axilla In supra- | tissue parts 
O2. Simple | 3. In underlying chest wall clavicular | 3. Skin 
Iv mastectomy | fossa | 4. Axilla 
O03. Radical | Supraclavicular 
mastectomy | fossa 
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to the supraclavicular fossa. Distant me- 
tastasis, indicated by E, is further divided 
into: E1, which represents intrathoracic 
metastasis; E2, skeletal involvement; and 
E3, spread to other organs and parts. For 
example, a patient who has had a previous 
radical mastectomy and is first observed 
with liver metastasis is classified as Stage 
IV (03) F3. 

The four stages of the disease and their 
grouping into five regions designated by A 
to E, each representing the exact status of 
the disease in its various locations in which 
the findings are further subdivided from 1 
to 5, and, in one instance, resubdivided 
from a to e, are gathered together and 
tabulated into one chart (Chart 1). From 
this chart, it is possible to relegate imme- 
diately each:case to its proper place, after 
the examination is completed and once the 
development and evolution ot the classifi- 
cation are understood. 

APPLICATION OF THE CLASSIFICATION 

Before attempting to apply the classifi- 
cation in a practical way, it should be 
understood that the designation given each 
case represents the farthest clinical ad- 
vance of the disease. For example, the pa- 
tient is classified in the C group if one or 
more malignant nodes are found in the 
supraclavicular space, regardless of the 
status in the axilla and in the affected 
breast. Similarly, the presence of metasta- 
sis in bone, at the time or the first examina- 
tion (and confirmed roentgenologically), 
indicates the farthest outpost of the malig- 
nant condition. Theretore, regardless of the 
findings in A to D, the case is classified as 
Stage III] E2, which is the designation for 
an advanced form of breast cancer which 
has metastasized to the skeletal system. 
Therefore, in arriving at the proper classifi- 
cation for each case, the farthest extension 
of the cancer is looked for (Fig. 8), passing 
in our mind from E to A, rather than going 
from A to E, which is the natural sequence 
in examining the case clinically. The ab- 
sence of distant metastasis rules out E. 
The absence of contralateral extension ex- 
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cludes D, and so on to A. The tumor may 
measure less than 6 cm. in diameter and 
yet ulcerate the skin. The designation will 


OUTPOSTS OF THE DISEASE (BREAST CANCER) 


A represents status of breast 

B ° axille 

Cc supraclaviculer fosse 

D = contraleteral breast 
and its aodes 

distent metastasis 


Fic. 8. Schematic drawing in which concentric 
circles represent the five divisions (A to E) of the 
classification, which indicate the extension of the 
growth to various parts. A stands for the status 
of the cancer in the breast itself; B, in the axilla; 
C, in the supraclavicular region; D, in the con- 
tralateral breast and its lymph nodes; and E 
represents distant metastasis. Each case is classi- 
fied at the initial examination in the group or 
division which indicates the farthest advance 
or outpost of the disease. E, standing for distant 
metastasis, is the proper designation for lung, 
liver, bone, etc. metastases, regardless of the 
clinical findings in the breast, axilla, etc. (A to D). 
D, representing involvement of the opposite 
breast and/or its nodes, is the farthest extension 
of the disease, provided there are no distant 
metastases to the intrathoracic organs, bone and 
other parts. Hence, the case falls in the D group, 
regardless of the findings of the primary tumor 
of the breast, its axilla and its supraclavicular 
fossa. And so we pass from E to A in determining 
the farthest extension of the disease. 


be Stage III A2d (Fig. 9), provided there 
is no involvement of the axilla, supra- 
clavicular fossa, contralateral side and no 
distant metastasis. Given a case in which 
the primary growth measures less than 3 
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Fic. g. Ulcerating carcinoma of right breast. No 
involvement of axilla, supraclavicular region, con- 
tralateral side, and no distant metastasis. The 
classification is therefore Stage II] A2d. 


cm. and a small, pea-sized, movable, ma- 
lignant node is discovered in the axilla, the 
classification becomes Stage II B, which is 
the designation for axillary involvement of 
a primary tumor measuring no more than 
6 cm. in diameter and presenting no more 
than 3 small, movable nodes in the axilla, 
each measuring less than 2 cm. in diameter. 

Occasionally, it is necessary to change 
the classification of a patient after opera- 
tive intervention. At the first examination, 
for example, there may not be any palpable 
nodes in the axilla. However, upon opera- 
tion, the lymph nodes are shown to be in- 
volved. The designation is then changed 
from the A to the B group. 


TREATMENT AND PROGNOSIS BASED 
ON THE CLASSIFICATION 


All cases falling into Stages I and II 
should receive radical surgery and irra- 
diation. Statistically, the outlook is good, 
especially in Stage I. Patients who are 
classified in Stage III and Stage IV (with 
recurrence) are primarily radiological prob- 
lems, requiring high voltage irradiation or 
radium or both. Conservative surgery may 
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not infrequently be indicated, particularly 
simple mastectomy, more with an aim of 
palliation rather pe cure. These are the 
advanced cases, and the five year cure rates 
are low. However, much can be accom- 
plished by intelligent palliation with ir- 
radiation, with or without conservative 
surgery, and an occasional patient may 
thus be cured. 

Therefore, in reviewing the classification 
chart, the factors which indicate radical 
operability and inoperability can be readily 
enumerated. Stages I and II represent the 
operable group which presupposes that: 
1, the primary growth is less than 6 cm. in 
diameter; 2, it is not firmly adherent to the 
skin; 3, it is not adherent to the chest wall; 
4, no more than three movable nodes are 
present in the axilla, each measuring less 
than 2 cm. in diameter; 5, there are no 
supraclavicular nodes; 6, there is no ex- 
tension to the opposite breast and its re- 
gional glands, and 7, there is no distant 
metastasis. 

The factors which mitigate against radi- 
cal operation may be enumerated from 
Stage III in the classification chart as 
follows: 1, a primary growth larger than 6 
cm. in diameter; 2, a primary tumor firmly 
adherent to the skin which may have an 
edematous or indurated appearance, which 
may reveal the presence of nodules, which 
may be inflamed, ulcerated, or which may 
present the type sometimes described as 
cancer em cuirasse; 3, a primary tumor ad- 
herent to the chest wall; 4, axillary exten- 
sion with more than three palpable nodes, 
a node measuring over 2 cm. in — 
nodes fixed in the axilla or ulcerated, 
lymphedema of the upper extremity; vs 
supraclavicular involvement; 6, extension 
to the contralateral breast and or its re- 
gional nodes; 7, distant metastasis. 

We are cognizant of the fact that excep- 
tion may be taken at least to two or three 
of the factors enumerated as contraindica- 
tions to radical surgery. Reference is made 
to large malignant tumors of the breast, 
measuring more than 6 cm. in diameter and 
lesions adherent to the skin with or without 
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ulceration. It is well appreciated that other 
factors besides size and fixity play a vital 
rdle in determining the operability of the 
lesion. The grading of these tumors by 
Broders!’? and MacCarty‘ in which the 
degree of malignancy is determined micro- 
scopically is one factor to be considered. 
The tumor bed, the age of the patient, the 
general physical condition of the subject, 
the presence or absence of anemia, de- 
bilitating disease, arteriosclerosis, cardiac 
and nephritic complications, hypertension, 
acute and chronic pulmonary infections, as 
tuberculosis, etc., cannot be ignored. Many 
large growths are relatively more benign 
and show less tendency to spread regionally 
and metastasize to distant parts than some 
very small lesions, which are only dis- 
covered after a large axillary mass has been 
revealed or a metastatic focus has been 
found in the chest, bone or elsewhere. Simi- 
larly, small, scirrhous tumors, especially in 
the aged, are sometimes very slow growing, 
and are more apt to break down and ulcer- 
ate by blocking off their circulation than to 
spread to the regional glands, thus remain- 
ing localized to the breast for a long period 
of time. 

Are these types of cases to be considered 
unsuitable for radical operation? We are 
inclined to believe so, although our mind is 
open until a sufficient number of five year 
statistical survival rates for these types of 
lesions is available. At present, such sta- 
tistics are not readily obtainable because of 
the lack of allocating such cases to a defi- 
nite group or class at the onset of treat- 
ment. Reports in the literature with five 
year end-results are numerous, but the 
status of the lesion at the initial visit is 
either not mentioned or discussed or is 
only given in a general way. By means of 
the classification herein presented, it is 
hoped to avoid such inaccuracies and 
omissions. The best type of treatment 
available can ultimately be outlined for 
each group of cases so classified. 

It is believed that tumors larger than 6 
cm. in diameter are well advanced and the 
case unsuitable for radical surgery. Even 
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though the axilla may show no clinical in- 
volvement and the overlying skin not 
firmly attached to the growth, malignant 
cells are usually to be found choking the 
lymphatics to the skin and to the chest wall 
radiating in all directions from the primary 
lesion, We therefore feel that such a late 
lesion lies beyond the ability of the sur- 
geon’s knife to extirpate the entire disease. 
Therefore, radical mastectomy, we believe, 
would be a heroic procedure with more to 
lose than gain, and simple mastectomy, 
together with radiation therapy, may ac- 
complish at least as much. Similarly, the 
ulcerating, slow growing, scirrhous type of 
lesion, frequently seen in the aged, is best 
managed with a minimum of surgery. The 
necrotic, foul, discharging mass may be 
removed in toto by a simple mastectomy 
or by a wide excision to be followed by 
radiation therapy or may be treated by 
radiotherapy alone. Radical surgery is not 
justified in these cases in which the life 
expectancy is short and the possibility for 
a cure remote. 

By the same token, a mass firmly ad- 
herent to the chest wall (pectoral muscles 
and fascia) has already extended beyond 
the possibility of radical removal. In these 
cases tumor cells are already found in the 
intercostal lymphatics which cannot be 
surgically removed. Such cases are irradia- 
tion problems and should be treated ex- 
pectantly with roentgen rays and radium, 
with or without less extensive procedures 
than radical mastectomy. It is generally 
agreed that the other factors of inopera- 
bility enumerated above mitigate against 
radical surgery. 


EVALUATION OF END-RESULTS BASED 
ON THE CLASSIFICATION 

It is evident that by this classification 
the evaluation of statistical reports will 
become relatively simple and significant. 
By designating each case in its proper cate- 
gory at the beginning and compiling five 
year survival rates for each of the groups 
noting the type of therapy given, consider- 
able progress can be expected in the man- 
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agement of this dreaded malady. It will 
tend to clarify the muddled state that we 
are now in, evaluate more thoroughly and 
accurately the clinical features of the dis- 
ease; test the efficacy of therapy, and 
evolve a more accurate prognosis. To fully 
carry out its purpose, however, it must be 
generally accepted so that the eventual 
statistics may be sufficiently abundant to 
draw the proper conclusions. 


SUMMARY 


A new clinical classification for carci- 
noma ot the breast is presented and ex- 
plained. 

In the past two years, I have so classified 
more than two hundred patients with 
cancer of the breast, and have found the 
classification both practical and service- 
able. Inasmuch as this communication is in 
the nature of a preliminary report, com- 
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plete data will be given concerning these 
cases in a subsequent article. 
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THE IMPORTANCE OF FIELD DISTRIBUTION 
MEASUREMENTS 


By LILLIAN E. JACOBSON, PaAysicist 
Radiotherapy Department, Montefiore Hospital 
NEW YORK, NEW YORK 


INTRODUCTION 


HIS paper describes the variation in 
dosage rate from point to point on the 
surface and in successive planes inside of a 
pressed wood phantom. The surface dosage 
rate was investigated for different tubes 
with and without cones. 
The average variation for a 30 cm. diame- 
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The field conditions which exist on each 
therapy outfit should be investigated and 
not taken for granted. The cause for the 
irregularity can then be located and in 
many cases remedied. 


EXPERIMENTAL WORK 


The conditions of irradiation for our 


73 cm. 


22 cm 


Left cm.15 10 ° 10 


is cm. Right 


Kic 1. Cone for tangential irradiation. 


ter field at 50 cm. focus-skin distance be- 
tween the center and periphery is about 25 
per cent for the most uniform fields, more 
variation on the anode side and less on the 
cathode side. 

The greatest number of fields which I 
measured were iar less uniform, some con- 
taining sharp cut offs, others marked de- 
creases in dosage rate due to the tube being 
off center, the anode itself, the design of 
cones, the glass window retaining the oil, 
and built-in ionization chamber. 


equipment were a half-value layer of 1.32 
mm. Cu and a dosage rate of 34 r per min- 
ute at 50 cm. focus-skin distance (200 kv., 
25 ma., 0.6 mm. Cu and 1 mm. Al in addi- 
tion to the inherent filtration). 

Any cone could have been used without 
materially affecting the results. The cone 
(Fig. 1) which was used was designed orig- 
inally by Finzi for tangential irradiation, 
which I started to investigate when di- 
verted by a disturbing non-uniform field. 
One side is at the center of the field and the 
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Fic. 2. Isodose curves measured in air for plane at 
50 cm. focus-skin distance, half-value layer 1.32 
mm. Cu. 


opposite side is 11 cm. off center. The field 
is 30 cm. long by 11 cm. wide. The target 
skin distance is 50 cm. 

To aid in placing the ionization chamber 
in reproducible positions, the cone was 
marked off as follows: a line was drawn 
lengthwise down the center of the cone and 
called the a line, the line along the center 


Fic. 3. Roentgenogram at 25 cm. focus-skin distance. 
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of the roentgen-ray field was called the 4 
line, and the opposite edge was called the 
c line. The bottom of the cone was then 
marked off in centimeter divisions reading 
from o at the center to 15 cm. right or left. 
The right side is the anode side and the 
left the cathode side. The position of the 
ionization chamber can readily be specified 
by designating it by line and number. For 
example, c-12 means the chamber is on the 
c line 12 cm. to the right of center. 
Measurements were made in air with a 
Victoreen condenser dosimeter when the 
cone was parallel and also when perpen- 
dicular to the long axis of the tube. Figure 
2 shows isodose curves plotted from these 
measurements. In the center is a fairly 


Fic. 4. Pinhole picture of target. 


uniform field whose diameter is 12 cm., the 
boundary of which has a dosage rate of 
97 per cent. At greater distances from the 
center the isodose lines become more circu- 
lar in shape. The 85 per cent curve encircles 
a field whose diameter is approximately 20 
cm., the 50 per cent curve encircles a field 
whose diameter is approximately 28 cm. 
The isolated figures at the edge of the field 
show the percentage of the central beam 
received there. It will be noted that when 
the cone is parallel to the long axis of the 
tube, 30 per cent is received on the target 
side 14 cm. from the center along line a, 
while on the side opposite 41 per cent is 
received; along line c only 9.5 per cent is 
received on the target side and 31 per cent 
on the side opposite. When the cone is per- 
pendicular 49 per cent is received along the 
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a line at 14 cm. from the center and 41 per 
cent on the opposite side. This is far from 
a uniform field. 

Figure 3 is a roentgenogram of the field 
at 25 cm. focus-skin distance, taken with- 
out any cone. It was expected that the uni- 
form portion would be 15 cm. but it 1s con- 
siderably less. The field appears as if made 
by three focal spots, for there seems to be 
an incomplete superposition of three shad- 
ows. The arrow points to the target side. 
The pinhole picture of the target shown in 
Figure 4 shows several distinct focal spots. 
The size of the focal spot is 9X14 mm. and 
this size should be considered in designing 
the upper opening of cones. 


Target 


/ \\ 
Pyrex Glass Window~ | - Oil 
— X-ray Tube 


Fic. 5. Diagram of roentgen tube. 


An attempt was made to find the cause 
of the irregular distribution. It was thought 
that the tube was off center, but this proved 
not to be the case. Allowing for the increase 
in distance according to the inverse square 
law, 92 per cent should be received at 15 
cm. from the center on line 4 and 88 per 
cent on the outermost corner or I$ cm. 
along the c line. The target is 20° to the 
vertical plane. Because the peripheral rays 
on the target side come off at the small 
angle of approximately 4° to the face of the 
target, the decrease in intensity is about 
12 per cent. This should leave 80 per cent 
instead of 30 per cent. Since the so-called 
“heel” effect does not exist on the opposite 
side where the rays emerge at an angle of 
20° to the target face, the intensity there 
should be 88 per cent instead of 41 per cent. 
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Fic. 6. Percentage of surface dose at different depths 
and different positions in plane perpendicular to 
long axis of tube. 


The decrease was not due to the cone for 
similar figures were found without any 
cone. 

Figure 5 is a schematic diagram of the 
tube in the tube head. It is oil cooled, oil 


lic. 7. Isodose curves (/) at the surface at 50 cm. 
focus-skin distance and (//7) to cm. below the sur- 


face. Half-value layer 1.32 mm. Cu. 
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immersed. Note that the rays emerge 
through a concave pyrex glass window 
which encloses the oil. The rays emerging 
from the rim of this window are not cut off 
by any filtering device. The sharp decrease 
in dosage rate between 10 cm. and 14 cm. 
from the center, from 85 per cent to about 
35 per cent, is most likely due to the rays 
going through the edge of the glass at a 
very small glancing angle thus traversing a 
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gO per cent is received 4 cm. from the center 
of the cone. One edge received 50 per cent 
and the target edge received 35 per cent, 
This distribution with backscatter is more 
irregular than that without backscatter, as 
seen in Figure 2. Ten centimeters below the 
surface the central portion of about 12 cm. 
diameter is bounded by the 35 per cent iso- 
dose line. The target edge of the cone re- 
ceives 20 per cent, almost as much as at the 


Fic. 8. Isodose curves in plane perpendicular to surface through center of cone (a line). 
Half-value layer 1.32 mm. Cu. 


thickness between 1 and 2 cm. of glass. If 
this is the case the peripheral rays should 
have greater penetration and this is shown 
by the curves in Figure 6 where the rays at 
14 cm. from the center have the greatest 
percentage depth dose if the surface at the 
same distance is taken as 100 per cent. 

Since such installations are being used, 
depth dosage measurements were made. A 
phantom made of masonite pressed wood 
was used. Fifteen centimeter thickness of 
boards was always used as the backscat- 
tering medium. The ionization chamber 
could be removed for measurement without 
disturbing the placement of the chamber 
boards thus allowing the re-insertion of the 
ionization chamber. 

Isodose curves at the surface and the 
plane parallel to the surface at a depth of 
10 cm. are shown in Figure 7. At the surface 


surface, and the opposite side 25 per cent. 
This field distribution is more uniform than 
at the surface. 

Figure 8 shows the isodose curves along 
the plane through the center of the cone or 
a line. At the middle, 41 per cent reaches a 
depth of 1o cm., at the target edge 19.5 per 
cent and at the opposite edge 25 per cent. 
On the target side the dosage rate for the 
first 4 cm. is approximately the same, 32 
per cent. It increases over the surface value 
for the first 2 cm. after which it begins to 
decrease. This is caused by an increase in 
direct radiation at a depth which was cut 
off from that portion of the surface just 
above. The rays which strike at the depth 
have come through the central portion on 
the surface. The curve marked c-14 right 
in Figure 9 shows the increase in depth dos- 
age for the periphery of the field. Until a 
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Fic. 9. Percentage of surface dose received at various 
depths in planes perpendicular to long axis of 
tube. (Surface at each position is called 100 per 
cent. Half-value layer 1.32 mm. Cu.) 


depth of 10 cm. more radiation is received 
than at the corresponding point on the 


# Fic. 10. Isodose curves in plane perpendicular to axis 


of tube at center or 0 line. Half-value layer 1.32 
mm. Cu. 


' surface. For this set of curves each surface 


measurement is called 100 per cent. The 
dose below the surface is compared with 
that received at the corresponding position 
on the surface. On the c-14 right curve 131 
per cent reaches a depth of 4.5 cm. Under 
controlled conditions such a depth dosage 
might be of practical value. 


Fic. 11. Isodose curves in planes perpendicular to axis of tube (/) 10 cm. to left and (//) 10 cm. to 
right of center. Half-value layer 1.32 mm. Cu. 
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Fic. 12. Isodose curves in planes perpendicular to axis of tube (/) 14 cm. to right and (//) 


14 cm. to 


left of center. Half-value layer 1.32 mm. Cu. 


Per cent Depth Dose 


Depth in cm. 


Fic. 13. Percentage of dosage rate at center a-o re- 
ceived at surface and various depths below for dif- 
ferent positions. Half-value layer 1.32 mm. Cu. 


The isodose curves perpendicular to the 
long axis of the tube along the center or o 
line are shown in Figure to. They are rather 
flat and symmetrical except for the first 
few centimeters. Figure 11 shows two sets 


+. of curves, one taken along line a 10 cm. to 


the right of the center, the other 10 cm. to 
the left. The 4 and ¢ sides are indicated. The 
curves here show more irregularity espe- 
cially on the right side; 32 per cent reaches 
a depth of 10 cm. on the right side and 37 
per cent on the left side. Figure 12 is the 
set of curves for the fields at 14 cm. to the 
right and left of the center line. These 
curves are quite irregular. On the right side, 
1g per cent reaches a depth of 10 cm., on 
the left side 25 per cent. The upper portions 
are considerably different between the left 
and right sides. | 

A comparison for different depths at 
various positions in the field is best ob- 
tained from the curves in Figure 13. Here 
the amount received at a-o is called 100 
per cent, and the others are compared to 
this. a-o was measured at the beginning 
and at the end of the measurements for 
each curve. 
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DISCUSSION 


The manufacturers of the equipment- 


which gave the preceding distribution 
stated that the field at 50 cm. focus-skin 
distance was 30 cm. in diameter. The tube 
had an excellent life and was used with the 
assumption that the field was fairly uni- 
form. Most hospitals and radiotherapists 
have the same conception. I would suggest 
that the manufacturer or distributor should 
state definitely what the largest usable field 
is and how uniform or non-uniform it is, 
in addition to giving the purchaser the ap- 
proximate dosage rate. 

Yet this is not sufficient, for the cause of 
the non-uniformity is not always in the 
tube or tube head. 

Other roentgen-ray machines were meas- 
ured. A similar installation and tube gave 
approximately the same values for a 30 X30 
cm. field at 50 cm. focus-skin distance, 33 
per cent at three corners and 8 per cent at 
the fourth corner. Another oil cooled, oil 
immersed tube in a different tube head with 
master cone containing a built-in ionization 
chamber or so-called intensimeter had 
about 35 per cent on the corners of a 20 X20 
cm. field. However, when the master cone 
was removed 73 per cent was obtained 15 
cm. from the center on the target side and 
83 per cent on the opposite side. The cause 
for the non-uniformity in this case was the 
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ic. 14. Field of 20 X20 cm. cone. 
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Fic. 15. Field of 15 X15 cm. square cone. 


ionization chamber. An oil cooled, air im- 
mersed tube gave approximately the same 
values. An air cooled tube with cone in 
place yielded the following values at the 
corners for a 20X20 cm. field, 3, 14, 25, 
and 35 per cent. This field is shown in Fig- 
ure 14. The actual usable part is about 
13 X13 cm. instead of 20 X20 cm. and is off 
center. Figure 15 shows a field which was 
used as a 15 X15 cm. square field. In an- 
other installation the opening in the tube 
head allowed a larger field to be used than 
actually existed on the target side. Here the 
cut off was due to the target. 

To summarize, in most cases the cause 
for the non-uniformity of the roentgen-ray 
beam is any one of the following: 

1. The target itself. 

. The tube being off center. 


te 


3. The improper opening in the tube 
head. 

4. The window enclosing the oil in the 

tube head. 

The master cone containing the ioni- 

zation chamber or so-called intens- 

imeter. 


6. The upper limiting diaphragm of the 
cone. 

The diaphragming of light devices or 
other attachments. 
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Therefore, even if the manufacturer has 
stated the distribution of the field when 
cones or other attachments are added, the 
field distribution should be investigated not 
only photographically, but chiefly by ioni- 
zation measurements. Photographic meas- 
urements are very often deceiving for if the 
film is exposed too long or over-developed 
a non-uniform field will appear uniform. 

The above examples were not selected 
but are almost consecutive findings. The 
field distribution is much more irregular 
than is assumed. 


SUMMARY AND CONCLUSIONS 


1. Roentgen-ray installations were meas- 
ured to determine the uniformity of the 
field. 

2. The most uniform fields measured for 
both oil cooled and water cooled equipment 
have an average deviation of about 25 per 
cent between the center and the periphery 
of a 30 cm. diameter field at 50 cm. focus- 
skin distance. The dosage rate on the anode 
side is about 73 per cent and on the cathode 
side about 85 per cent of that at the center. 

3. One kind of installation containing an 
oil cooled tube oil immersed in which the 
outer enclosure was pyrex glass had a de- 
crease in dosage rate from the center to the 
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periphery of a 30 cm. diameter field of 
about 65 per cent at 50 cm. target-skin dis- 
tance. 

The cause for this non-uniformity is due 
to the limitation of the beam by the shape 
and placement of the window enclosing the 
oil. 

4. Isodose curves are given for various 
planes and depths. 

5. In one installation a field of 20X20 
cm. had 35 per cent of the central dosage 
rate at the corners. The non-uniformity 
was due to the built-in ionization chamber 
in the master cone. 

6. Improperly designed openings in cones 
changed a 20X20 cm. field into a 13X13 
cm. field and a square field into a round 
field. 

7. It is suggested that manufacturers or 
distributors of roentgen therapy apparatus 
state what the largest usable field is and 
give a description of its distribution by 
ionization measurements. 

8. It is suggested when cones or other at- 
tachments are added that the field distri- 
bution be measured. 
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THE RELATIVE BIOLOGICAL EFFECTIVENESS OF 


ROENTGEN RAYS AND NEUTRONS ON THE 
REGENERATION OF THE FORELIMB 
OF AMBLYSTOMA LARVAE 


By EDWARD C, HORN 
Laboratory of Comparative Anatomy, Princeton University 
PRINCETON, NEW JERSEY 


INTRODUCTION 


— the first experiments on the bio- 
WY logical effects of neutrons (Lawrence 
and Lawrence,’ Zirkle and Aebersold'’), 
there has been a steadily increasing amount 
of such work on a variety of biological ma- 
terials. These first experiments showed 
that, per unit of ionization, neutron radia- 
tion is more effective than roentgen radia- 
tion in producing certain responses in 
several biological materials. Following this 
work there has been a number of investiga- 
tions, testing the relative effectiveness of 
these two types of radiation on a variety of 
tissues (Lawrence, Aebersold and Law- 
rence,® Lawrence and Tennant,!® Snell and 
Aebersold," Zirkle, Aebersold and Demp- 
ster,'® Spear, Gray and Read,“ Zimmer 
and Zirkle and 
Gray and Read,’ Marshak," 
Giles®). Of all these investigators only 
Zimmer and Timofeefft-Ressovsky found, 
within the dosages employed, that roentgen 
rays are more effective than neutrons; they 
studied the production of gene mutations 
in Drosophila. Recent work by Giles on the 
effects of neutrons on the chromosomes of 
Tradescantia demonstrates that the rela- 
tionship between dosage and chromosome 
exchange break aberrations is linear, where- 
as it has been shown for roentgen irradiated 
material that the relationship is exponen- 
tial, the exchanges increasing as the square 
of the dosage. From this result Giles con- 
cludes that, above a certain dosage of neu- 
trons, which he calculates to be approxi- 
mately 500 n, the neutron radiation is less 
effective than roentgen radiation, and be- 
low this value it is more effective. 

The primary purpose of the present work 


/ 


has been to determine and to compare ac- 
curately neutron and roentgen-ray dosages 
with regard to their effectiveness in retard- 
ing and preventing tissue regeneration. The 
biological material used has been the regen- 
erating forelimb of Amblystoma larvae. 
Since considerable work had already been 
done in this laboratory on the effects of 
roentgen rays on this same material (But- 
Puckett, Butler and Puckett‘), 
the adaptability and limitations of the 
material were well known. The proximity 
of the Princeton cyclotron was an added 
factor prompting this problem. In the pres- 
ent paper some preliminary observations 
on the relative effectiveness of neutrons 
and roentgen rays on regenerating tissues 
are reported. This paper deals only with the 
physical measurements and relative effec- 
tiveness of neutrons and roentgen rays; a 
later paper will deal extensively with the 
tissue reactions which have been observed. 


MATERIALS AND METHODS 


Biological. The animals used for all experi- 
ments were 4mb/ystoma \arvae, reared inthe 
laboratory from eggs. Animals of the same age 
period (forelimbs in late three-digit stage) were 
selected for both neutron and roentgen-ray ex- 
periments. All external conditions, temperature, 
feeding, etc., were kept as nearly constant as 
possible. 

Normal regeneration or replacement of an 
amputated forelimb of an 4mb/lystoma larva in- 
volves, first, the breakdown at the amputation 
level of formed structures such as cartilage and 
muscle; second, the formation at the tip of the 
amputated stump of a mass of undifferentiated 
cells, termed the blastema, the exact origin of 
which is at present uncertain; and, third, the 
differentiation and growth of the blastema into 
a fully formed limb. Under the control condi- 
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tions of the present experiments, the normal re- 
generative process proceeded about twenty 
days before the new limb reached the stage at 
which it had been amputated. 

Immediately following irradiation with neu- 
trons or roentgen rays both forelimbs were am- 
putated through the middle of the humerus 
with iridectomy scissors. Control animals were 
operated on in the same manner. 

For each dosage of neutrons and roentgen 
rays a series of animals in different stages of re- 
generation was collected. Since a detailed his- 
tological study of neutron irradiated material 
was planned, an irradiated animal and a con- 
trol were killed each day following amputation 
for sixteen days and every other day thereafter, 
until thirty days after amputation had been 
reached. Additional animals were kept until 
forty days after amputation. As mentioned 
above, extensive work has been done on the ef- 
fects of roentgen rays on regenerating amphib- 
ian tissues; for this reason, series of roentgen ir- 
radiated animals were less complete and were 
studied only to determine if regeneration took 
place at all. 

All animals were fixed in Bouin’s fluid, sec- 
tioned at Su and stained with Delafield’s hema- 
toxylin or Galigher’s modified hemalum and 
counterstained with orange G. 

Physical. The source of neutrons was a bery]- 
lium target bombarded by 6—8.5 Mev protons in 
the Princeton cyclotron. All dosage measure- 
ments were made with two 100 r bakelite Vic- 
toreen ionization chambers, and the readings 
are given in n units, an n being the amount of 
ionization produced by neutrons which gives 
the same reading on a 100 r Victoreen ionization 
chamber as does 1 roentgen of x-rays. All read- 
ings of neutrons dosages were kept below 25 n. 
Since the animals must be kept separated at 
all times, a special box was designed to contain 
them during neutron irradiation, into which was 
fitted seven tiers of small glass compartments. 
These tiers were made of celluloid strips, 
19.3 X 2.3 cm., on which were cemented in a row 
nine small glass cylindrical shells, 20 mm. in 
diameter. The tiers were piled one on another at 
the end of the box nearest the target. In this 
way a maximum of 63 animals could be irra- 
diated at one time. This box was not placed di- 
rectly in the neutron beam, but to one side, 
where the strength of the neutron field was re- 


the box. To ascertain the uniformity of the field 
across the face of the box which held the ani- 
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duced yet more uniform over the whole front of 
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mals, one 100 r chamber was placed between the 
target and animals within the box, and another 
was placed at a distance behind the animals but 
still within the box. Both chambers remained in 
these positions throughout the total irradiation 
period and were never interchanged during any 
experiment. Knowing the difference in readings 
between these two chambers, we determined 
the uniformity of the field at its top and bottom 
merely by upending one of the chambers in po- 
sition and comparing readings again. No dis- 
crepancies were found in readings taken during 
experiments or during test periods when the box 
was used as a phantom. In all experiments each 
animal was assigned a definite position in the 
neutron field by numbering the tiers and com- 
partments. Any discrepancies in dosage, ex- 
ceeding the biological variability of the mate- 
rial, would have produced a result which could 
have been traced to a weaker or stronger por- 
tion of the beam; no discrepancies were found. 
The total dosage was the sum of the doses read 
from the 100 r chamber which was placed be- 
tween the target and animals and contiguous 
with the latter. The animals were protected 
from gamma rays by plates of lead 1 inch thick 
which completely enclosed the box. Variation in 
neutron dosage, ranging from 10 to 103 n, was 
obtained by changing the exposure time. 

The source of unfiltered roentgen rays was a 
60 kv. Coolidge medium focus tube, operating 
at 6 ma.; the larvae were placed 25 cm. from the 
target. Dosage measurements were determined 
with the 100 r Victoreen chamber which was be- 
tween the target and larvae during neutron ir- 
radiation. The tube produced 85 r per minute; 
again the length of exposure governed the dos- 
age. 

RESULTS 

Six series of animals were exposed to . 
20, 42, 62, 78, and 103 n respectively. 
microscopical study of the sectioned ani- 
mals revealed that the limbs of those which 
had received 62 n or more of neutrons had 
not regenerated. 

During the course of normal regenera- 
tion, there is built up at the tip of the limb 
stump a compact mass of undifferentiated 
cells, the regeneration blastema. By growth 
and differentiation of this group of cells 
most of the regenerated tissues of the new 
limb are derived. In the age of larva used, 
cartilage is differentiated from the blastema 
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cells as a definite entity about thirteen days 
after amputation. In these experiments the 
appearance or absence of cartilage was 
taken as the criterion for the occurrence or 
absence of regeneration. Normally most of 
the new cartilaginous elements of the regen- 
erating forelimb are outlined by the twen- 
tieth day of regeneration. 

In all of the irradiated animals a blas- 
tema starts to form, but in those animals 
which receive 62 n or more of neutrons, the 
blastema cells gradually disappear after 
fifteen to twenty days of regeneration until 
by thirty days the limb stump is nothing 
but an epidermal bag filled with connective 
tissue, cell debris, a few cells, and the re- 
mains of the old humerus. In other words, 
the picture is, in all essential respects, simi- 
lar to that given by earlier workers who 
used large dosages of roentgen rays to pre- 
vent regeneration. 

Animals of series G, which received 42 n, 
show cartilage differentiating after the 
fourteenth day, but after forty days of re- 
generation only a spike of cartilage grows, 
and there is no sign of further activity or 
the formation of a more complete forelimb. 


Author Material and Effects 
Lawrence and Lawrence’ —_ Depression of lymphocyte count in rats About 10 
Lethal dose for rats About 10 
Lawrence, Aebersold and Lethal dose for mice 3to4 
Lawrence* Destruction of sarcoma 180, in vitro 4tos.1 
Snell and Aebersold Reduction in litter size of F; in irradiated male mice 5 to6 
Zirkle, Aebersold and Killing of Drosophila eggs 2.1 
Dempster!” Retardation of growth of wheat seedlings, variety “Big Club” 5 
Inhibition of fern spores (Pteris) $.6 
Zirkle and Lampe’ 13 hour eggs 2 
Killing of Drosophila eggs \4 hour eggs 3.2 
6 hour eggs 2.8 
Retardation in growth of wheat seedlings, variety | Root 6.2 to 11.8 
“Nabob”’ Shoot 5.9 tog 
Marshak" . |Vicia faba 6.6 
Production of chromosome abnormali- | 
Pisum sativum 6.2 
ties at anaphase 
Solanum lycopersicum 6.5 
Giles® Production of chromosome exchange break aberrations in Tra- 
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Animals of series F, which received 20 n, 
show cartilage formation at the end of thir- 
teen days of regeneration, but by twenty- 
four days there is still only a single spike or 
digit. After thirty-five days, however, there 
is produced a fairly normal three-digit 
limb. 

Animals of series H, which received 10 n, 
are impeded but slightly and regenerate 
practically a normal limb in the normal 
time. 

Five series of animals were exposed to 
425, 650, 850, 1,275, and 2,550 r of roentgen 
rays respectively. Those animals which re- 
ceived 850 r or more of roentgen rays 
showed no evidence of regeneration. The 
two series which received less than 850r 
showed replacement of cartilage, and later 
they grew abnormal limbs which looked 
much like those described for the neutron 
irradiated animals. 


DISCUSSION 
The above results are conclusive in dem- 
onstrating that, so far as growth and dif- 


ferentiation of a new limb of 4mblystoma 
larvae are concerned, neutrons are from thir- 
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teen to fourteen times more effective than 
roentgen rays. As has been pointed out in 
previous comparisons of neutron-roentgen- 
ray effectiveness, the reason for the greater 
neutron effectiveness may be entirely the 
greater efficiency of the more intense ioni- 
zation produced by recoil protons in tissue. 
However, in the California Radiation Lab- 
oratory data have been obtained (personal 
communication between Aebersold and 
White) which indicate that 1 n of neutron 
ionization actually represents about 2.5 
times more ion pairs produced in tissue 
than does 1 roentgen of x-rays. Thus, per 
unit of ionization in tissue this work indi- 
cates that neutron induced ionization is 
from five to six times more effective than 
that induced by roentgen rays. 

The accompanying table summarizes the 
results of other investigators who have de- 
termined the relative biological effective- 
ness of neutrons and roentgen rays on 
various animal and plant tissues. The ex- 
treme right-hand column contains the X/N 
(roentgen-ray-neutron) ratios of the differ- 
ent investigations, the X/N ratio being an 
expression for the equivalent doses of roent- 
gen rays and neutrons, expressed in r and n 
respectively, necessary to produce the same 
effect or degree of effect in the materials 
investigated. 

The present work deals with an entirely 
different group of animals and with an en- 
tirely different process from any yet inves- 
tigated with neutrons, yet here again there 
can be no question of the greater efficiency 
of the neutrons as compared with roentgen 
rays in affecting this process. The effective- 
ness of both neutrons and roentgen radiation 
in preventing regeneration seems to be the 
result primarily of action of the radiation 
on the blastema cells proper and particu- 
larly on the mechanism controlling dif- 
ferentiation of these cells. In other words, 
the blastema of non-regenerating limbs 
never forms as completely as the normal 
blastema, and that part which forms at all 
does not possess the capacity to differen- 
tiate into new limb structures. This obser- 
vation has already been made by Butler?’ 
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and Butler.and Puckett‘ for roentgen rays, 

Since the blastema cells represent a type 
of tissue not too far removed from early 
neoplastic tissue, and since they are so 
much more sensitive to neutron radiation 
than to roentgen radiation, such work as 
that reported by Stone and Larkin” on the 
clinical use of neutrons would seem com- 
pletely justified. 

There is, however, one other aspect to be 
considered when neutron radiation is to be 
used for therapeutic purposes; that is the 
question of cumulative effects. Several ani- 
mals which received doses of 103 n of neu- 
trons were kept for a period of over two 
months after the time of amputation. Ap- 
proximately a week before sgh oe, they 
showed difficulty in feeding; examination 
then showed the eyes to be NE and 
the animals to be blind. The animals could 
not be kept despite forced feeding and had 
to be sacrificed at the sixty-eighth day. Mi- 
croscopic examination showed in every case 
complete breakdown of the lens, enlarged 
retina, a greatly enlarged and heavily pig- 
mented i iris and a thickened cornea. Further 
microscopic examination of the whole ani- 
mal has revealed that portions of the gas- 
trointestinal tract were also affected. These 
effects have often been reported for other 
animals as a result of roentgen treatment. 
In a review of the literature dealing with 
the effects of roentgen rays on the eye, Des- 
jardins® discusses their action on the em- 
bryonic eye of several animals. It would 
seem that the roentgen-ray effects, if they 
are to take place at all, occur fairly soon 
after irradiation. In this neutron irradiated 
material, however, there were no signs of 
changes in the eye a month after irradiation. 

As stated in the introduction, this paper 
is a preliminary report on the effect of neu- 
trons on regenerating material. Since a more 
detailed study is to be presented shortly, 
further discussion will be withhelduntil then. 


I am especially indebted to Professor E. G. Butler 
for his suggestions, advice and criticism of this prob- 
lem and to Doctor M. G. White of the Princeton 
Physics Department for his advice and criticism par- 
ticularly in the matter of dosage measurements. 
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I also wish to express my sincere thanks for the co- 
operation and cyclotron operation time so generously 
granted me by the cyclotron staff of the Princeton 
Physics Department. 


SUMMARY 


Regeneration of an amphibian limb de- 
pends primarily on proliferation and cellu- 
lar differentiation of a mass of undifferen- 
tiated cells, the regeneration blastema. This 
regeneration blastema provides favorable 
material for a study of the effects of neu- 
trons and roentgen radiation on the proc- 
esses of growth and differentiation. 


Sufficient doses of neutrons prevent dif-° 


ferentiation and hence regeneration of the 

forelimb of 4mbélystoma larvae. 

Neutrons are more effective per unit of 
ionization than are roentgen rays in pre- 
venting regeneration. A roentgen-ray dosage 
of thirteen to fourteen times that of the 
neutron dosage as measured in terms of 
ionization in a Victoreen 100 r chamber is 
necessary to prevent regeneration. 
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THE ANNUAL MEETING 


Bene annual meeting held at Cincinnati, 
Ohio, from September 23 to 26, 1941, 
was the forty-second in the history of the 
American Roentgen Ray Society and it is 
doubtful whether throughout those years 
the Society has ever had a more attractive 
program or a more interesting meeting. 
President-Elect Doughty and his com- 
mittees arranged a scientific program of 
great interest and a program of entertain- 
ment which will long be remembered by 
those present at the meeting. From the call 
to order on the first day of the meeting by 
President Sosman and the stimulating ad- 
dress of welcome given by Dr. Raymond D. 
Walters, President of the University of 
Cincinnati, up to the closing remarks on 
Friday afternoon the last day of the meet- 
ing, there was nothing but pleasant enter- 
tainment for the mind and body. One of the 
outstanding features of the meeting was the 
various symposia that were arranged deal- 
ing with many phases of roentgenologic 
problems in diagnosis and treatment. 

The annual Caldwell Lecture was given 
by Dr. John H. Lawrence of the University 
of California on ““The New Nuclear Physics 
and Medicine” and was a stimulating and 
thought-provoking discussion on an_ in- 
tensely interesting and important subject. 

The banquet on Thursday evening was 
unusually well arranged and was a social 
feature which will not be soon forgotten. 
Heretofore at some of the meetings too lit- 
tle attention has been given to the program 
for the evening of the banquet but cer- 
tainly the most exacting could find no fault 
with this year’s arrangement in the hands 
of Dr. Doughty and his local committees. 

The Annual Golf Tournament, an eight- 
een hole match for the Willis F. Manges 
Trophy and the Exhibitors’ Trophy, was 
unusually well attended and this was fol- 


lowed by a dinner in the evening which was 
attended by nearly all the members present. 

To the local Ladies Committee, of which 
Mrs. E. R. Bader was Chairman, the So- 
ciety is indebted for a splendid program of 
entertainment for the wives and guests of 
those present at the meeting. 

The Instruction Courses in charge of Dr. 
B. R. Kirklin, which have become an an- 
nual feature of the Society’s meetings, 
proved to be of unusual interest at the Cin- 
cinnati gathering and attracted a great 
number of guests as well as members. 

The Scientific Exhibit was of unusual 
scope and interest and to the Chairman, 
Dr. Paul A. Bishop and members of that 
committee the Society is indebted for the 
excellent arrangement and disposition of 
the exhibits. A detailed report of these ex- 
hibits is given elsewhere in this issue of the 
JouRNAL. 

The central geographic location of Cin- 
cinnati attracted a great number of Com- 
mercial Exhibitors and in the Hall of 
Mirrors of the Hotel was displayed one of 
the most comprehensive exhibits which it 
has ever been the pleasure of the members 
of the Society to see, and to the exhibiting 
corporations and to the men in charge of 
the various technical exhibits, the Society 
offers its thanks and appreciation. 

The great interest that was manifested 
in this year’s meeting of the Society is at- 
tested to by the number of registrations; a 
total of 740 attended, of which the members 
represented 209, guests 394, and commer- 
cial exhibitors 137. 

The Netherland Plaza proved to be an 
ideal meeting place because of the splendid 
arrangements of the various rooms and the 
large halls which lend themselves so ad- 
mirably to meetings and exhibits, and sec- 
ondly because of the courteous and efficient 
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manner in which all the details of the So- 
ciety’s programs and needs were handled by 
the Hotel’s personnel. 

Under the guiding hand of President- 
Elect Doughty and his splendid group of 


local committees the Cincinnati meeting 
of the American Roentgen Ray Society was 
an event which will be remembered as one 
of the most pleasant and successful in the 
long history of this organization. 
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SOCIETY PROCEEDINGS, CORRESPON DENCE 
AND NEWS ITEMS 


"Items for this section solicited promptly after the events to which they refer. 


MEETINGS OF ROENTGEN SOCIETIES* 


Unirep SraTEs OF AMERICA 

AmERICAN ROENTGEN Ray Society 
Secretary, Dr. H. Dabney Kerr, University Hospital, lowa 
City, Iowa. Annual Meeting: 1942, Atlantic City, N. J. 

AMERICAN COLLEGE OF RADIOLOGY 
Secretary, Mac F. Cahal, 540 N. Michigan Ave., Chicago, 
Ill. Annual meeting: Atlantic City, N. J., June 10, 1942. 

Secrion ON RapioLocy, AMERICAN ‘AssociaTION 
Secretary, Dr. J. T. Murphy, 421 Michigan St., Toledo, 
Ohio. Annual meeting: Atlantic City, N. J., June 8-12, 
1942. 

RapIoLocicaL Society OF NorrH AMERICA 
Secretary, Dr. D. S. Childs, 607 Medical Arts Bldg., Syra- 
cuse, N. Y. Annual meeting: Fairmont Hotel, San Fran- 
cisco, Calif., Nov. 30-Dec. 5, 1941. 

RADIOLOGICAL Section, BALTIMORE MepiIcaL Society 
Secretary, Dr. Walter L. Kilby, Baltimore. Meets third 
Tuesday each month, September to May. 

SEcTION ON RaADIoLoGy, CALIFORNIA MEDICAL ASSOCIATION 
Secretary, Dr. J. D. Coate, 434 Thirtieth St., Oakland, 
Calif. 

RapioLocicaL Section, Connecticut Society 
Secretary, Dr. Max Climan, 242 Trumbull St., Hartford, 
Conn. Meets bi-monthly on second Thursday, at place 
selected by Secretary. Annual meeting in May. 

Secrion ON Rapio.ocy, ILLinois Strate MEDICAL Society 
Secretary, Dr. H. W. Ackemann, 321 W. State St., Rock- 
ford, Ill. 

RapIOLoGcicaL Sectrion, Los ANGELEs Co. MeEp. Soc. 
Secretary, Dr. Wilbur Bailey, 2007 Wilshire Blvd., Los 
Angeles, Calif. Meets on second Wednesday of each 
month at County Society Building. 

RADIOLOGICAL SECTION, SOUTHERN MEDICAL AssocriATION 
Secretary, Dr. Roy G. Giles, Temple, Texas. 

BROOKLYN ROENTGEN Ray Society 
Secretary, Dr. Leo Harrington, 880 Ocean Ave., Brooklyn, 
N. Y. Meets monthly on fourth Tuesday, October to 
April. 

RADIOLOGICAL Society 
Secretary, Dr. Joseph S. Gian-Francheschi, 610 Niagara 
St., Butfalo, N. Y. Meets second Monday of each month 
except during summer months. 

CuicaGo RoENTGEN Society 
Secretary, Dr. C. J. Challenger, 3117 Logan Blvd. Meets 
second Thursday of each month October to April in- 
clusive at the Palmer House. 

CincINNATI RADIOLOGICAL SociETY 
Secretary, Dr. J. E. McCarthy, 707 Race St., Cincinnati, 
Ohio. Meets third Tuesday of each month, October to 
May, inclusive. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary, J. O. Newton, 13921 Terrace Rd., East Cleve- 
land. Meets at 6:30 p.m. at Midday Club on fourth Mon- 
day each month, October to April, inclusive. 

DENVER RapIoLocicaL CLuB 
Secretary, Dr. Edward J. Meister, 366 Metropolitan 
Bldg., Denver, Colo. Meets third Friday of each month at 
Denver Athletic Club. 

Derroir Roentcen Ray anp Rapium Society 
Secretary, Dr. E. R. Witwer, Harper Hospital. Meets 
monthly on first Thursday from October to May, at 
Wayne County Medical Society Building. 

FLoripa State RapioLocicat Society 
Secretary, Dr. Walter A. Weed, 204 Exchange Bldg., 
Orlando, Florida. Meetings in May and November. 


Secretaries of Societies not here listed are requested to send the necessary information to the Editor. 


GeoraiA RADIOLOGICAL SOCIETY 
Secretary, Dr. R. C. Pendergrass, Prather Clinic Bldg., 
Americus, Ga. Meets in November and at annual meet- 
ing of Medical Association of Georgia in the spring. 
RApDIoLocicaL Society 
Secretary, Dr. Wm. DeHollander, St. John’s Hospital, 
Springfield, Ill. Meets three times a year. 
INDIANA ROENTGEN Society 
Secretary, Dr. H. C. Ochsner, Methodist Hospital, Indian- 
apolis. Meeting held the second Sunday in May annually. 
KENTUCKY RADIOLOGICAL SOCIETY 
Secretary, Dr. W. C. Martin, 321 W. Broadway, Louis- 
ville. Meets annually in Louisville on first Saturday in April. 
Lone Istanp Society 
Secretary, Dr. Marcus Wiener, 1430-48th St., Brooklyn, 
N. Y. Meets Kings County Med. Soc. Bldg. monthly 
on fourth Thursday, October to May, 8:30 P.M. 
AOUISIANA RADIOLOGICAL SOCIETY 
Secretary, Dr. J. R. Anderson, 1130 Louisiana Ave., 
Shreveport. Meets annually during Louisiana State Med- 
ical Society meeting. Next meeting New Orleans, April, 
1942. 
MICHIGAN ASSOCIATION OF ROENTGENOLOGISTS 
Secretary, Dr. J. E. Lofstrom, 1536 David Whitney Bldg., 
Detroit. Three meetings a year, Fall, Winter, Spring. 
MILWAUKEE ROENTGEN Ray Society 
Secretary, Dr. I. I. Cowan, Mt. Sinai Hospital, Mil- 
waukee, Wis. Meets monthly on first Friday at Uni- 
versity Club. 
MINNESOTA RADIOLOGICAL SOCIETY 
Secretary, Dr. J. P. Medelman, 572 Lowry Medical Arts 
Bldg., St. Paul. 
NEBRASKA RADIOLOGICAL SOCIETY 
Secretary, Dr. D. A. Dowell, Medical Arts Bldg., Omaha, 
Nebr. Meets third Wednesday of each month, at 6 P.M. 
at either Omaha or Lincoln. 
New ENGLAND ROENTGEN Ray Society 
Secretary, Dr. A. O. Hampton, Ma sachusetts General 
Hospital, Boston, Mass. Meets monthly on third Friday, 
Boston Medical Library. 
RADIOLOGICAL SociETY OF NEw JERSEY 
Secretary, Dr. H. J. Perlberg,921 Bergen Ave., Jersey City. 
Meets annually at time and place of State Medical So- 
ciety. Mid-year meetings at place chosen by president. 
New York RoeEnNTGEN SociIETY 
Secretary, Dr. Paul C. Swenson, Presbyterian Hospital, 
New York City. Meets monthly on third Monday, New 
York Academy of Medicine, at 8:00 P.M. 
NortuH Caro.ina ROENTGEN Ray Society 
Secretary, Dr. Major Fleming, Rocky Mount, N. C. An- 
nual meeting at time and place of State Medical Society. 
Mid-year scientific meeting at place designated. 
Nortu Dakota Society 
Secretary, Dr. L. A. Nash, St. John’s Hospital, Fargo. 
Meetings held by announcement. 
CenTRAL New York RoenTGEN Ray Society 
Secretary, Dr. C. F. Potter, 820 S. Crouse Ave., Syracuse. 
Three meetings a year. January, May, November. 
Ouro RapIoLocicaL Society 
Secretary, Dr. J. E. McCarthy, 707 Race St., Cincinnati. 
Meets at time and place of annual meeting of Ohio State 
Medical Association. 
Paciric ROENTGEN SOcIETY 
Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 
cisco, Calif. Meets annually, during meeting of California 
Medical Association. 
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PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. L. E. Wurster, 416 Pine St., Williamsport. 

PHILADELPHIA ROENTGEN Ray Society 
Secretary, Dr. B. R. Young, Temple University Hospital. 
Meeting first Thursday of each month from October to 
May inclusive at 8:15 p.M., in Thompson Hall, College 
of Physicians, 19 S. 22d St. 

PirtsBURGH ROENTGEN SociETY 
Secretary, Dr. H. W. Jacox, 4800 Friendship Ave. Meets 
second Wednesday each month, 4:30 P.M., October 
to June, Pittsburgh Academy of Medicine. 

RocuesterR ROENTGEN Ray Society, Rocuester, N. Y. 
Secretary, Dr. S. C. Davidson, 277 Alexander St. Meets 
on second Thursday from October to May, inclusive. 
8 p.m., Rochester Academy of Medicine Building. 

Rocky Mountain Society 
Secretary, Dr. A. M. Popma, 220 N. First St., Boise, 
Idaho, Annual meeting in Denver, summer of 1942. 

Sr. Louis Society or RADIOLOGISTS 
Secretary, Dr. W. K. Mueller, University Club Bldg. 
Meets fourth Wednesday of October, January, March 
and May, at a place designated by the president. 

San Francisco Society 
Secretary, Dr. H. A. Hill, 450 Sutter St., San Francisco. 
Meets monthly on third Thursday at 7:45 p.M., first 
six months at Toland Hall, second at Lane Hall. 

Soutu Carona X-Ray Society 
Secretary, Dr. T. A. Pitts, Baptist Hospital, Columbia, 
S. C. Meets in Charleston on first Thursday in Novem- 
ber, also at the time and place of South Carolina State 
Medical Association. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary, Dr. F. B. Bogart, 311 Medical Arts Bldg., 
Chattanooga, Tenn. Meets annually at the time and 
place of the Tennessee State Medical Association. 

Texas RapIo.ocical 
Secretary, Dr. L. W. Baird, Scott and White Clinic, 
Temple, Texas. Next annual meeting, Houston, Texas, 
February 7, 1942. 

University oF MicuiGAN DEPARTMENT OF ROENTGEN- 
oLocy Starr MEETING 
Meets each Monday evening from September to June, 
at 7 p.m. at University Hospital. 

University or Wisconsin RADIOLOGICAL CONFERENCE 
Secretary, Dr. E. A, Pohle, 1300 University Ave., Madi- 
son, Wis. Meets every Thursday from 4:00-5:00 P.M., 
Room 301, Service Memorial Institute. 

VirciniA RADIOLOGICAL SociETY 
Secretary, Dr. C. H. Peterson, 603 Medical Arts Bldg., 
Roanoke, Va. Meets annually in October. 

WASHINGTON STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. K. J. Holtz, American Bank Bldg., Seattle. 
Meets fourth Monday each month, College Club, 
Seattle. 

X-ray Srupy or San FRrANcIsco 
Secretary, Dr. J. M. Robinson, University of California 
Hospital. Meets monthly in evening on third Thurs- 
day. 

CuBa 


SociEDAD DE Rapio.ocfa FIs1oTERAPIA DE CuBA 
President, Dr. J. Manuel Viamonte, Hospital Mercedes, 
Habana, Cuba. Meets monthly in Habana. 


BritisH Empire 


British Instirute oF RApIioLoGy INCORPORATED WITH 
THE RONTGEN SOCIETY 
Meets monthly on third Thursday from November to 
June inclusive, at 8:15 p.M., 32 Welbeck St., London. 
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Section oF RapDIoLocy or THE Roya. Society or Mepr. 
cinE (ConFINED TO Mepicat MEMBERS) 
Meets on the third Friday of each month during the 
winter at 8:15 p.m. at the Royal Society of Medicine 
1, Wimpole St., London, W. 1. 
Facu.ty or RADIOLOoGIsTs 
Secretary, Dr. M. H. Jupe, 32 Welbeck St., London, W, 1 
England. 
Section oF RapioLtocy Mepicav Evecrriciry, Aus. 
TRALASIAN MeEpicat ConareEss. 
Secretary, Dr. H. M. Cutler, 139 Macquarie St., Sydney 
New South Wales. aia 
RADIOLOGICAL SECTION OF THE VICTORIAN BRANCH OF THE 
British MEpIcAL AssociaTION 
Secretary, Dr. Keith Hallam, St. George’s Hospital, 
K.E.W., Melbourne, E. 4, Victoria, Australia. Meets 
monthly from March to November inclusive. 
CANADIAN ASSOCIATION OF RADIOLOGISTS 
Secretary, Dr. A. C. Singleton, Medical Arts Bldg. 
Toronto, 5, Ontario. 7 
Section oF Rapio_oGy, CANADIAN MEDICAL AssociATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N.S, 
Rapio.ocicat Section, New ZEALAND BritisH MEDICAL 
ASSOCIATION 
Secretary, Dr. Colin Anderson, Invercargill, New Zea- 
land. Meets annually. 


ContTINnENTAL Europe 


SocieEDAD EspaNoLa DE RADIOLOGIA Y ELECTROLOGIA 
Secretary, Dr. J. Martin-Crespo, Fuencarral, 7. Madrid, 
Spain. Meets monthly in Madrid. 

SociETE Suisse DE RapioLocie (SCHWEIZERISCHE 
GEN-GESELLSCHAFT) 

Secretary for French language, Dr. A. Grosjean La Chaux 
de Fonds. 

Secretary for German language, Dr. Scheurer, Molzgasse 
Biel. Meets annually in different cities. 

Societa ITALIANA MEDICA 
Secretary, Prof. M. Ponzio, University of Turin, Turin. 

SocrETATEA ROMANA DE RADIOLOGIE st ELECTROLOGIE 
Secretary, Dr. Oscar Meller, Str. Banul Maracine, 30, 
S. I., Bucuresti, Roumania. Meets second Monday in 
every month with the exception of July and August. 

RoentGeN Ray Association, LENINGRAD, 
USSR in the State Institute of Roentgenology and 
Radiology, 6 Roentgen St. 

Secretaries, Drs. S. A. Reinberg and S. G. Simonson. 
Meets annually. 

LENINGRAD ROENTGEN Ray Society 
Secretaries, Drs. S. G. Simonson and G. A. Gusterin. 
Meets monthly, first Monday at 8 o'clock State Institute 
of Roentgenology and Radiology, Leningrad. 

Moscow RoentGEN Ray Society 
Secretaries, Drs. L. L. Holst, A. W. Ssamygin and S. T. 
Konobejevsky. Meets monthly, first Monday, 8 p.m. 

SCANDINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a joint 
association called the Northern Association for Medical 
Radiology, meeting every second year in the different 
countries belonging to the Association. 


OrIENT 


Japan X-Ray Association 
c/o Orthopedic Surgery, Tokyo Imperial University. 
Meets annually in April. 

Kinki RoENTGEN-ABEND SOCIETY 
Director, Dr. Prof. Taiga Saito, Ogawaoike Tyoto, 
Japan. Meets bi-monthly on third Sunday. 
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BULLETIN OF THE AMERICAN 
COLLEGE OF RADIOLOGY 


POINTS OF INTEREST 


The following bulletin was sent to State 
Councilors of the American College of 
Radiology and secretaries of all regional 
radiological societies on August 27: 


Resolution of the American Medical 
Association 


At its June meeting in Cleveland, the 
House of Delegates of the American Medi- 
cal Association instructed the Board of 
Trustees to confer with representatives of 
the American Hospital Association and the 
Protestant and Catholic hospital associa- 
tions to clarify the relation of medical 
services in prepayment hospitalization and 
similar plans, ‘“‘the same to be in line with 
the basic principles laid down in the past 
by the House of Delegates.’’ These basic 
principles expressly demand that radiology 
be treated as a medical service and not in- 
cluded as a part of hospital service along 
with benefits offered in group hospitaliza- 
tion. 

The House of Delegates also approved 
the report of a reference committee recom- 
mending that “Special societies, such as 
radiologists, pathologists, and anesthesiolo- 
gists, recommend to their members that 
they defer entering into contractual rela- 
tionships with hospitals involved in medical 
service plans until the relationship has been 
thoroughly clarified... .” 

Also approved was a resolution recom- 
mending that ‘““Wherever obtainable, hos- 
pitals should have doctors of medicine 
especially trained in pathology, radiology, 
anesthesiology, and physical medicine as 
directors in charge of these respective de- 
partments, and that the directors of these 
departments shall be eligible for member- 
ship on their respective medical staffs or 
medical boards with voice and vote.”’ 


Hospital Exploitation 
Of special interest to radiologists is an 
article appearing in the August ¢lantic 
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Monthly by Dr. Miles Atkinson, a New 
York surgeon who came to this country 
from England a few years ago, under the 
title ““The Patient Comes First.” In dis- 
cussing the parlous state of overcapitalized 
hospitals, Dr. Atkinson concludes that they 
have resorted to some dubious practices. 
He says, “Another widespread practice 
that is generally accepted, though it is dif- 
ficult to see why, is that of working the 
pathological and x-ray departments de- 
liberately at a profit—the charges are such 
that income is higher than expenses. The 
difference, or the profit, goes into the funds 
of the institution. As it was put very truly 
in a medical paper not long ago, “The 
arithmetical difference between the total 
cost of operation and the total profit de- 
rived ...is certainly represented by the 
individual services of the medical person- 
nel’; but funds which represent professional 
training and specialist knowledge are di- 
verted from the doctors to the institution.” 


Selective Service Examinations 


Information reached this office a few 
days ago to the effect that the national Se- 
lective Service headquarters had adopted a 
uniform schedule for use throughout the 
nation in reimbursing radiologists for costs 
incurred in examining selectees. An inquiry 
to Clarence Dykstra, director of Selective 
Service, reveals that this report is errone- 
ous. Each state will be expected to adopt 
and operate under its own cost schedule. 
Approximately three-fourths of the states 
are operating under a schedule which re- 
imburses radiologists upon a basis of 50 per 
cent of customary private fees. In a few 
states the schedule is lower. 


Medical Service Plans 

More state medical societies are follow- 
ing the precedent of California, Michigan, 
New Jersey and New York and are prepar- 
ing to install prepayment medical service 
plans for groups of employed subscribers in 
designated low income brackets. In connec- 
tion with these plans, two points are of 
paramount interest to radiologists: (1) ra- 
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diology should be included along with 
other medical services whether the plan 
embraces complete medical care or is for 
hospitalized surgery alone; it should not be 
included as a part of hospital care in the 
benefits paid for hospitalization; (2) some 
deterrent should be placed upon the use of 
roentgen diagnosis, else the expenses for 
this service alone may render the plan 
actuarially unsound. A maximum allow- 
ance for radiology may be determined, or 
the subscribers may be required to pay a 
certain portion of fees charged for roentgen 
diagnosis. 

Anent the subject of medical service 
plans, an interesting article, “But Health 
Insurance Is Different,” by Nathan Sinai, 
appears in the August Harper’s, page 275. 


NYA 


The NYA program calling for chest ex- 
aminations on some 500,000 youths in the 
country each year is undergoing sporadic 
development in various sections of the 
country. It appears that plans and pro- 
cedures are subject to the discretion of the 
NYA director in each state. In some states 
the program is well under way, while in 
others nothing has been done. In Iowa, 
Virginia, Florida, and a few other states, an 
agreed method and rate for reimbursement 
of radiologists performing chest examina- 
tions has been adopted. In several states 
radiologists have decided against working 
at the hourly rates allowed by NYA, and 
have preferred to let the chest examinations 
be performed by public agencies or tubercu- 
losis associations. This subject was dis- 
cussed at great length by the Board of 
Chancellors of the College of Radiology 
during its meeting in June, and it was de- 
cided that the decision on this matter 
should be left up to the radiological socie- 
ties in each locality. 


Locum Tenens Contracts 


In our bulletin! of April 16, 1941 (RS-61) 
we submitted the resolution adopted by the 
College of Radiology pertaining to the pro- 


1 Am J. Roentcenot. & Rap. Tuerapy, July, 1941, 46, 124. 
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tection of civil practices of radiologists 
called for military duty. In that bulletin we 
recommended that a radiologist leaving a 
hospital practice make a personal contract 
with his locum tenens instead ‘of permit- 
ting the hospital to select someone to fill 
his position during his absence. Such con- 
tracts should be prepared only with the as- 
sistance of a competent attorney, and 
should include provisions for disposition of 
income from the practice and a restrictive 
covenant to protect the absentee’s practice 
after he returns to the community. For a 
general discussion of locum tenens con- 
tracts, see Medical Economics for July, 
1941, page 42. Members wishing sample or 
suggested contracts for a locum tenens 
should write to the headquarters office of 
the College. 
Military Affairs 

No very definite estimate of the num- 
ber of radiologists that will be required for 
the armed forces, either for defense or war, 
has been forthcoming from military circles. 
Neither have we any accurate idea of the 
number of radiologists already called to ac- 
tive duty. The contact of the College of 
Radiology with the responsible Army and 
Navy officials has been less than satisfac- 
tory, and this subject was a matter of 
lengthy discussion during the last meeting 
of the Board of Chancellors. Vincent W. 
Archer, Chairman of the Board, has asked 
the present Advisory Committee on Radi- 
ology to the National Research Council to 
act as the College Committee on Military 
Affairs. Henceforth it will be the point of 
contact between organized radiology and 
national defense agencies. The committee 
is composed of Dr. A. C. Christie, chair- 
man, Dr. B. R. Kirklin, Dr. U. V. Port- 


mann, and Dr. W. Edward Chamberlain. 


Inter-Society Committee for Radiology 


Pursuant to amendments to the Consti- 
tution and By-Laws of the College of Ra- 
diology, the activities carried on by the 
Inter-Society Committee for Radiology for 
the past three years have been taken over 
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by the College. At its last meeting the 
Board of Chancellors enlarged the Inter- 
Society Committee by adding to it the 
representatives on the Board of Chancel- 
lors nominated by the American Roentgen 
Ray Society, the Radiological Society of 
North America, and the American Radium 
Society. Now called the Inter-Society Com- 
mission on Economics, the committee is 
composed of the original three, Dr. A. C. 
Christie, Dr. E. H. Skinner and Dr. L. S. 
Goin, with the addition of Dr. E. L. Jen- 
kinson, Chicago, Dr. L. H. Garland, San 
Francisco, and Dr. F. W. O’Brien, Boston. 


Group Hospitalization 


For years organized radiology has warned 
that the spectre of hospital domination and 
exploitation was a threat to the integrity of 
all medicine. Full appreciation of this fact 
has not always been manifested when radi- 
ologists appealed for support from their 
local colleagues in a fight to keep radiology 
from being offered as a part of hospital care 
among benefits in a group hospitalization 
plan. Of late an increasing number of 
leaders in organized medicine have come to 
the realization that we were not merely 
crying “Wolf!” An editorial in the August 
Medical Economics (page 20) is of interest: 
“When the first of the three resolutions 
referred to was introduced at the St. Louis 
convention [of the A. M. A.] in 1939, it re- 
lated almost exclusively to the status of 
radiologists, pathologists, and anesthesiolo- 
gists; for these were about the only medical 
men whose services were likely to be in- 
cluded in a group hospitalization policy. 
Since then, conditions have changed mate- 
rially. Hospital groups are now putting the 
finishing touches on a vast new prepayment 
plan which, it is predicted, will provide 
millions of low-income citizens with both 
hospitalization and medical care. This is 
bound to affect not only the physicians in 
the three specialities named but—more im- 
portant—all physicians in virtually all 
other branches of medicine.” 

Mac F. Cahal 


Executive Secretary 
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SCIENTIFIC EXHIBIT 

To add to the general interest of the 
Forty-second Annual Meeting of the Amer- 
ican Roentgen Ray Society held in Cincin- 
nati, Ohio, September 23 to 26, 1941, an 
extensive exhibit touching upon a wide 
range of subjects was arranged by the Com- 
mittee on Scientific Exhibits composed of 
Dr. Paul A. Bishop, Chairman, Dr. V. W. 
Archer and Dr. S. W. Donaldson. These ex- 
hibits were attractively grouped in a hall 
large enough to accommodate them with- 
out crowding, and to permit the addition of 
comfortable chairs and davenports which 
gave an opportunity for relaxation and dis- 
cussion by those viewing the exhibits. 

A brief outline is given of the various 
subjects presented. 


THORAX 


In the section on the thorax was an ex- 
hibit by Drs. Eugene P. Pendergrass, S. 
Reid Warren, and D. E. Haagensen from 
the Department of Radiology and the 
Moore School of Electrical Engineering, 
University of Pennsylvania, Philadelphia, 
on “A Study of Comparative Methods of 
Chest Roentgenograms.’’This comprised a 
detailed study of the diagnostic value of the 
four methods of chest roentgenography, 
namely: film 14” by 17”, paper 14” by 17’, 
stereo 4” by 5”, and stereo 35 mm. Adult 
patients were carefully selected to show the 
relative value of these methods in minimal 
tuberculosis and silicotic conditions of the 
lungs. 

Dr. Pedro L. Farifias, Habana, Cuba, 
presented the subject of ““Mucosography of 
the Respiratory Tract.” The purpose of this 
exhibit was to show that the roentgen ex- 
amination of the tracheobronchial mucosa, 
coated with a very thin opaque layer gives 
useful information of the internal surface of 
the larynx, trachea and bronchi. The tech- 
nique is simple and harmless. 

An exhibit by Drs. Marcy L. Sussman, 
M. F. Steinberg and A. Grishman, Mount 
Sinai Hospital, New York, was entitled 
“Congenital and Rheumatic Heart Dis- 
ease.” The'cardiac chambers, pulmonary 


41 
ts 
a 
I] 
1- 
d 
of 
Te 
| 
Re 
| 
or 
1s 
of 
> 
| 
1- 
r, 
le 
of 
d 
C- 
of | a 
ig 
d | 
of 
d | 
2e 
t- 
1- 
a- 
le 
or 
er 


740 Society Proceedings, Correspondence and News Items 


artery and aorta were visualized in a com- 
prehensive group of cases of rheumatic and 
congenital heart disease, following the in- 
travenous injection of a 70 per cent solution 
of diodrast. A newly designed apparatus 
permitted making eight roentgenograms 
in approximately ten seconds. Each case 
was shown completely, including clinical 
data, electrocardiogram, phonocardiogram, 
etc. 

An exhibit entitled “Heart Studies’’ was 
presented by Dr. Asa E. Seeds, Baylor Uni- 
versity Hospital, Dallas, Texas. This work 
was an attempt to indicate a significant 
simplicity in teleroentgen studies of normal 
cardiac shadows. It tended to indicate that 
a solid foundation in the knowledge of the 
normal variation plot is necessary to prop- 
erly evaluate such studies, and that, with- 
out it, even the more complicated methods 
give inaccurate results. 

The final exhibit in this section was ““The 
Value of Roentgen Therapeutic Test Doses 
in the Differential Diagnosis of Medias- 
tinal Tumor” by Drs. Lawrence Reynolds 
and Traian Leucutia, Harper Hospital, 
Detroit, Michigan. This exhibit demon- 
strated the value of the roentgen therapeu- 
tic test dose as applied during the past 
twenty years in the differential diagnosis of 
mediastinal tumors. The final individual re- 
sults obtained with the aid of this method 
were illustrated with transparencies of 
roentgenograms, photographs and_ photo- 
micrographs. A classification of mediastinal 
tumors according to the degree of radiosen- 
sitivity was given in a series of tables. This 
exhibit was awarded a Certificate of Merit. 


SKELETON 


The subject of ‘Osteochondrodystro- 
phies in Infants and Children” was pre- 
sented by Drs. Ralph S. Bromer and R. M. 
Harvey, Children’s Hospital, Philadelphia. 
It included roentgenograms illustrating 
achondroplasia, osteochondrodystrophy, li- 
pochondrodystrophy and other bone dys- 
trophies occurring in infants and children, 
with charts describing essential points in the 
differential diagnosis of these conditions. 
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From the College of Medicine, Univer- 
sity of Cincinnati, Cincinnati, Ohio, was 
an interesting exhibit entitled ‘‘Post-trau- 
matic Osteoporosis” by Drs. Louis G. Herr- 
mann, John A. Caldwell and Harold G, 
Reineke. This was a presentation of a pic- 
ture story of acute neurotrophic disturb- 
ances in small bones of the extremities 
which follow in the wake of trivial as well 
as serious trauma. Serial roentgenograms 
were shown representing all phases of this 
disease entity and the clinical picture of the 
disease was discussed in relation to the 
changes in the bones. The effect of therapy 
upon the roentgenologic changes as well as 
upon the clinical course of the disease was 
presented, as well as several instances of the 
rarer forms of neurotrophic disturbances in 
bone. This exhibit received the second high- 
est award, that of the Bronze Medal. 

Dr. Hoke Wammock, Jeanes Hospital, 
Philadelphia, presented an exhibit on “it- 
radiation Fractures of the Rib Cage.” This 
consisted of roentgenograms demonstrating 
irradiation fractures of the ribs and a group 
of patients who had received interstitial 
radium element needles in combination 
with deep roentgen therapy for carcinoma 
of the breast. These fractures have been ob- 
served by repeated roentgen studies over a 
period of five years or more. 

Drs. Harold W. Jacox and Paul Gross of 
the Western Pennsylvania Hospital, Pitts- 
burgh, had an exhibit entitled ““The Status 
of Eosinophilic Granuloma of Bone.” This 
included illustrative roentgenograms and 
photomicrographs, as well as a chart which 
was a diagrammatic representation of the 
interrelationship between certain of the 
reticulo-endothelioses. The diseases in- 
cluded were Schiiller-Christian’s, Letterer- 
Siwe’s, solitary xanthoma of bone and eo- 
sinophilic granuloma of bone, as well as the 
reticulo-endothelioses which are in inter- 
mediate position between these various 
conditions. 

“Skeletal Malformations in the Offspring 
of Rats Reared on a Deficient Diet” was 
the title of an exhibit by Drs. Josef War- 
kany and Rose C. Nelson, Children’s Hos- 
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pital Research Foundation, Cincinnati, 
Ohio. Specimens of newborn rats cleared by 
the Schulte-Dawson method were shown in 
an illuminated box. The offspring of 
mothers reared and bred on a deficient diet 
show a variety of congenital malformations. 
Shortening of the mandible, tibia, fibula, 
radius and ulna can be seen. In addition, 
fusion of the ribs, syndactylism of the 
fingers and toes and premature and irregu- 
lar fusion of the sternebrae can be demon- 
strated. As controls, similar preparations of 
the offspring of mothers reared and bred on 
an adequate diet were shown. This inter- 
esting exhibit received a Certificate of 
Merit. 

An exhibit entitled ““The Sphenoidal Fis- 
sure” was offered by Drs. Karl Kornblum 
and George R. Kennedy, Jefferson Medical 
College and Hospital, Philadelphia. An an- 
atomical and roentgenological study was 
made of the sphenoidal fissure of the skull 
in order to determine the normal size and 
shape of this structure. It has been found 
that the sphenoidal fissure is often de- 
formed in the presence of intracranial 
pathology, especially when neoplastic in 
nature. Cases have been collected in which 
deformity of the sphenoidal fissure was of 
value in diagnosis of intracranial lesions. 
Attention to the sphenoidal fissure will 
often aid in the lateralization of the intra- 
cranial pathological condition. A Certifi- 
cate of Merit was awarded this exhibit. 

A most interesting and timely exhibit 
was presented by Dr. Oscar V. Batson of 
the Graduate School of Medicine, Univer- 
sity of Pennsylvania, Philadelphia, on ““The 
Vertebral Vein System.” The vertebral vein 
system parallels and forms a by-pass for the 
caval and pulmonary circulations. For this 
reason metastases can proceed along the 
vertebral veins to find lodgment in the 
brain, shoulder and pelvic girdles and other 
parts without entering the lung circulation 
and hence without producing pulmonary 
metastases. Roentgenograms showed the 
anatomic extent and the many communica- 
tions of this vast venous reservoir. Roent- 
genograms of cadavers after the injection 
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of radiopaque masses are ideal for studying 
the essential anatomy of these vessels. This 
exhibit received the highest award given, 
that of the Silver Medal. 


Gastrointestinal Tract 


“The Gastrointestinal Tract in the 
Healthy Newborn Infant” was the title of 
an exhibit by Dr. Samuel G. Henderson, 
Magee Hospital, Pittsburgh. This con- 
sisted of roentgenograms of the stomach 
and intestinal tract in a group of one hun- 
dred healthy newborn infants, following 
administration of barium in various forms 
by mouth. In thirty of the group of one 
hundred, a detailed small bowel study was 
made and a number of roentgenograms 
showing the typical small bowel pattern 
were included in the exhibit. 

Drs. Fred M. Hodges, Lawrence O. 
Snead and R. A. Berger, Richmond, Vir- 
ginia, had arranged an interesting exhibit 
on “A Stellate Impression in the Cardiac 
End of the Stomach Simulating a Tumor.” 
This comprised the study and appearance 
of the mucosal folds at the gastro-esopha- 
geal orifice and included original films 
which showed the various types of stellate 
impressions in the cardiac end of the stom- 
ach which may simulate tumor. A Certifi- 
cate of Merit was awarded this exhibit. 

“The Meniscus Sign Complex” was the 
title of an exhibit by Dr. B. R. Kirklin, 
Mayo Clinic, Rochester, Minnesota, and 
consisted of drawings, roentgenograms and 
photographs of specimens selected and ar- 
ranged to demonstrate the importance of 
the meniscus sign complex in the recogni- 
tion of small ulcerating cancers of the 
stomach. 

Another exhibit having reference to the 
gastrointestinal tract was presented by 
Drs. Joseph C. Bell and William J. Martin, 
Louisville, Kentucky, and was entitled 
“Polypoid Lesions of the Small Bowel.” 
This consisted of fourteen 14” by 17” roent- 
genograms of the colon showing polyps of 
the large bowel by the double contrast 
method, together with two other films made 
after the ordinary type of contrast enema, 
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in individuals with diffuse polyposis. The 
latter, together with the double contrast 
films made in the same cases, showed the 
value of the latter method of examination. 
There were included numerous charts show- 
ing the incidence of polypoid lesions found 
during routine sigmoidoscopic examina- 
tions, together with others showing the re- 
lationship between polypoid lesions and 
malignant lesions found in the same areas. 


Genitourinary System 


“Sterility Cured by Hysterosalpingog- 
raphy” was the title of an exhibit by Dr. 
Charles L. Martin, Dallas, Texas. A com- 
bined CO, and lipiodol technique with con- 
tinuous oil pressure was illustrated with 
serial roentgenography. In most of the 
cases, closed fallopian tubes were opened 
and pregnancy occurred subsequently. 
Certificate of Merit was awarded this ex- 
hibit. 

NEUROLOGICAL 


Among the exhibits in this final group 
was included one by Drs. Cornelius G. 
Dyke, Abner Wolf and John Caffey, Neu- 
rological Institute, New York, on “Infantile 
Toxoplasmic Encephalomyelitis.” pro- 
tozoan encephalomyelitis described as oc- 
curring in infants (Wolf and Cowen, 1937) 
was later identified as a form of human 
toxoplasmosis (Wolf, Cowen and Paige, 
1939), by transmission of the infection to 
animals. Toxoplasma is a protozoan which 
in smears appears crescentic in shape, meas- 
ures 4 to 6 microns in length and 2 to 3 
microns in width. It is pointed at both ends 
or has one blunt end, and has a central 
chromatin body. Although it is of uncertain 
classification, it is characterized by an af- 
finity for many tissues, especially the cen- 
tral nervous system, widespread geographic 
distribution and pathogenicity for a wide 
variety of hosts. Infantile toxoplasmic en- 
cephalomyelitis has a specific pathologic 
picture characterized by necrotizing chronic 
inflammatory lesions, miliary granuloma- 
ta, conspicuous calcification, frequent hy- 
drocephaly and focal choreoretinitis. The 
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symptoms:and signs of widespread cerebral] 
damage, roentgenographic evidence of in- 
ternal hydrocephaly and cerebral calcifica- 
tion, the ophthalmoscopic observation of a 
striking choreoretinitis and the presence in 
the blood of neutralizing antibodies to toxo- 
plasma have led to the clinical diagnosis 
of a series of cases. The roentgenographic 
findings in these cases were presented and 
their characteristic features given. 

Dr. Charles W. Perkins, Norwalk, Con- 
necticut, presented an exhibit on “‘Cranio- 
pharyngioma: Cyst of Rathke’s Pouch” 
which consisted of roentgenograms of a 
case, with hypopituitarism, hypothyroid- 
ism and hypogonadism. The patient was 
twenty-four years old and had an epiphy- 
seal development of fourteen to sixteen 
years. His mentality was high and his voice 
high pitched. There were slipped epiphyses 
on the left side. Improvement occurred 
after operation. 

“Intraspinal lodized Oil: Removal of 
Lipiodol by Lumbar Puncture” was the ti- 
tle of an exhibit by Drs. Aubrey O. Hamp- 
ton and Charles S. Kubic, Massachusetts 
General Hospital, Boston. Lipiodol can be 
removed completely from the lumbar sub- 
arachnoid spaces by means of a simple 
lumbar puncture. The technique of this 
procedure was illustrated. 

Drs. William A. Nosik and W. James 
Garnder, Cleveland Clinic, Cleveland, pre- 
sented the subject of “Intraspinal Thoro- 
trast.”” Approximately forty-two consecu- 
tive roentgenograms of the spine after the 
injection of thorotrast were shown. The 
clarity of anatomic detail was demon- 
strated as well as the effective application 
and the results thereof, in the elimination 
of the medium following its use. This ex- 
hibit was awarded a Certificate of Merit. 

Another exhibit dealing with the spine 
was entitled “Intraspinal Air: Herniated 
Discs, Tumors and Other Intraspinal Le- 
sions Visualized by Injection of Air’ by 
Drs. Barton R. Young and Michael Scott, 
Temple University Hospital and Medical 
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of defects of the spinal subarachnoid space 
produced by disc protrusions, tumors, 
thickened ligamentum flavum and arach- 
noiditis. A number of illustrative myelo- 
grams emphasized the value of the method 
to show the exact level of a lesion that is 
producing a partial or complete block. The 
reduction ettect of hyperflexion on a mobile 
herniated disc and the exaggeration of the 
protrusion produced by hyperextension was 
illustrated by roentgenograms of the spine 
made with the patient in these positions. 
The normal anatomy of the spinal canal in 
the cervical, dorsal and lumbosacral re- 
gions, as determined by the subarachnoid 
injection of air was demonstrated in chil- 
dren and adults. 

“Low Voltage Contact Roentgen Radia- 
tion in the Treatment of Cancer of the 
Bladder” was the subject of an exhibit by 
Dr. Lowell S. Goin, Los Angeles. This con- 
sisted of a beautiful motion picture demon- 
stration of the technique, colored trans- 
parencies and a chart. 

An exhibit by Dr. C. A. Stevenson, 
Temple, Texas, was entitled “Cholecystitis 
with Emphysema” and consisted of the 
demonstration of two cases, correctly diag- 
nosed before operation, and successfully 
treated. 


COMMERCIAL EXHIBIT 


At any meeting of the American Roent- 
gen Ray Society the manufacturers can al- 
ways be depended upon to do their share 
toward making the occasion one where 
those in attendance have an opportunity to 
obtain a complete picture of all that is new 
in the radiological field. Of great impor- 
tance are the new developments in equip- 
ment both from the diagnostic and thera- 
peutic viewpoint. In no other place, with 
the expenditure of less time and effort, can 
the radiologist gain such a complete picture 
of the technical advances made in his field 
as at the Commercial Exhibit of one of the 
radiological societies. The exhibit at the 
Forty-second Annual Meeting of the Amer- 
ican Roentgen Ray Society held in Cincin- 
nati, Ohio, September 23 to 26, 1941, 
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proved no exception to this statement. The 
exhibits were placed in the Hall of Mirrors 
and adjoining foyer in the Netherland 
Plaza and showed to excellent advantage in 
this beautiful setting. The exhibit was the 
most extensive the Society has ever had 
and as always the Society is most apprecia- 
tive of the time and thought given by the 
manufacturers in producing exhibits of such 
general attractiveness and value. The fol- 
lowing were represented at the Cincinnati 
meeting: 4gfa Ansco, Binghamton, N. Y., 
Buck X-Ograph Company, St. Louis, Mo., 
Canadian Radium and Uranium Corpora- 
tion, New York, N. Y., DuPont Film Man- 
ufacturing Corporation, New York, N. Y., 
Eastman Kodak Company, Rochester, N. 
Y., W. E. Falk, Cincinnati, Ohio, General 
Electric X-Ray Corporation, Chicago, IIl., 
Kelley-Koett Manufacturing Company, Cov- 
ington, Ky., Liberty Dressing Company, 
Gloversville, N. Y., Liebel-Flarsheim Com- 
pany, Cincinnati, Ohio, Machlett Laborato- 
ries, Springdale, Conn., National Synthetics, 
New York, N. Y., H. B. Odmann, Inc., 
Leonia, N. J., Patterson Screen Company, 
Towanda, Pa., Philips Metalix Corporation, 
New York, N. Y., Picker X-Ray Corpora- 
tion, New York, N. Y., Radium Chemical 
Company, New York, N. Y., Frank Scholz, 
Boston, Mass., Standard X-Ray Company, 
Chicago, Ill., Charles C Thomas, Spring- 
field, Ill., Victoreen Instrument Company, 
Cleveland, Ohio, Westinghouse X-Ray Com- 
pany, Long Island City, N. Y. 
NEW OFFICERS 

At the recent meeting of the American 
Roentgen Ray Society held in Cincinnati, 
Ohio, September 23 to 26, 1941, the follow- 
ing officers were elected for the coming 
year: President: W. M. Doughty, Cincin- 
nati, Ohio; President-Elect: Ralph S. 
Bromer, Bryn Mawr, Pa.; zst Vice-Presi- 
dent: F. W. O’Brien, Boston, Mass.; 2nd 
Vice-President: ¥. ]. Hodges, Ann Arbor, 
Mich.; Secretary: H. Dabney Kerr, Iowa 
City, lowa; Treasurer: }. Bennett Edwards, 
Leonia, N. J.; Historian: Ramsay Spill- 
man, New York, N. Y.; Member of the 
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Executive Council: C. H. Heacock, Mem- 
phis, Tenn. 


SCHERING AWARD 


The Association of Medical Students is 
sponsoring a_ scholarship competition 
among medical students for the best dis- 
sertations on the history of endocrine re- 
search. They have been fortunate in obtain- 
ing as judges ten of the most important 
men in the hormone field. The augmented 
interest in endocrinological subjects which 
the Schering Award is bound to invoke may 
well help to advance the entire science of 
endocrinology. 


MIDSUMMER RADIOLOGICAL 
CONFERENCE 


The Seventh Midsummer Radiological 
Conference was held in Denver, Colorado, 
July 31, August 1 and 2, 1941, with head- 
quarters at the Shirley Savoy Hotel. The 
meeting was sponsored by the Denver Ra- 
diological Club under the presidency of 
Dr. Elizabeth H. Newcomer. More than 
two hundred and fifty radiologists and 
other doctors interested in radiology regis- 
tered from Colorado and the neighboring 
states. 

Guests speakers were: Ross Golden, 
M.D., New York, New York; Leon J. 
Menville, M.D., New Orleans, Louisiana; 
David S. Beilin, M.D., Chicago, Illinois; 
U. V. Portmann, M.D., Cleveland, Ohio; 
John T. Murphy, M.D., Toledo, Ohio; 
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John D. Camp, M.D., Rochester, Minne- 
sota; Wendell G. Scott, M.D., St. Louis, 
Missouri; and Atha Thomas, M.D., of 
Denver, Colorado. 

Scientific exhibits were provided by 
guests and local physicians. The program 
consisted of symposia on both diagnostic 
and treatment problems. Gratifying educa- 
tional publicity was obtained through the 
local newspapers. 

The Rocky Mountain Radiological Soci- 
ety was organized at a meeting on August 
1, 1941. L. G. Crosby, M.D., Denver, 
Colorado, was elected President and A. M. 
Popma, M.D., Boise, Idaho, Secretary- 
Treasurer. The executive committee of the 
new organization is composed of the follow- 
ing: W. W. Wasson, M.D., Denver; F. B. 
Stephenson, M.D., Denver; L. G. Crosby, 
M.D., Denver; J. P. Kerby, M.D., Salt 
Lake City, Utah; M. Trueheart, M.D., 
Sterling, Kansas; and T. T. Harris, M.D., 
Omaha, Nebraska. This executive commit- 
tee served as a constitution committee and 
a constitution submitted by Mac F. Cahal 
was tentatively accepted subject to further 
study and possible revision. 


EASTERN CONFERENCE OF 
RADIOLOGISTS 
The Eastern Conference of Radiologists 
will be held in New York City on Friday 
and Saturday, January 23 and 24, 1942. 
The Biltmore Hotel will be the headquar- 
ters for the meeting. 
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DEPARTMENT OF TECHNIQUE 


Department Editor: Roperr B. Tart, M.D., B.S., M.A., 105 Rutledge Ave. 
Charleston, S. C. 


MULTIPLE EXPOSURE TECHNIQUE IN CONTRAST 
VISUALIZATION OF THE CARDIAC CHAMBERS 
AND GREAT VESSELS 


By MARCY L. SUSSMAN, M.D., MORRIS F. STEINBERG, M.D., and ARTHUR GRISHMAN, M.D.* 


From the Departments of Radiology and Electrocardiography, The Mount Sinai Hospital 
NEW YORK, NEW YORK 


ISUALIZATION of the cardiac cham- 

bers and major vascular trunks follow- 
ing intravenous injection of a concentrated 
organic halogen has been described com- 
pletely by Robb and Steinberg,’ the orig- 
inators of the method. Ordinarily follow- 
ing the rapid injection of the solution into a 
median basilic vein, roentgenograms are 
made at the intervals at which opacification 
of the desired portions of the cardiovascular 
system is expected. We have found some 
difficulty in establishing proper timing. 
Robb and Steinberg recommend as guides 
the determination of the arm-to-lung 
(ether) and arm-to-carotid sinus (sodium 
cyanide) circulation times. For example, to 
visualize the right side of the heart and the 
pulmonary artery an exposure is made at a 
time after the beginning of the injection 
about 25 per cent less than the “ether” 
time. The aorta is ordinarily visualized at 
an interval about 25 per cent less than the 
“cyanide” time. The apparatus available 
in the average department of radiology does 
not permit making more than two or at 
most three exposures in rapid succession 
and rarely at shorter intervals than three 
seconds. It is evident that satisfactory vis- 
ualization of desired structures is often a 
matter of chance. The examination may 
have to be repeated and the exposure times 
modified in accordance with the results ob- 
tained at the first injection. With an ab- 
normal circulation, timing is proportion- 
ately more difficult. 


* Fellow of the Dazian Foundation for Medical Research. 
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Theoretically the best method for the 
examination should be a motion picture of 
the fluoroscopic screen made continuously 
during the circulation of the opaque ma- 
terial through the cardiovascular and pul- 
monary circuits. This was achieved by 
Robb and Steinberg? and Stewart, et al.’ 
using a motion picture camera with a 
special high speed lens. We have success- 
fully duplicated their procedure. Our tech- 
nical factors are as follows: 85 kv. (single 
phase), 150 ma., two exposures of three 
seconds each, roentgen tube-screen dis- 
tance, 27 inches, rotating target tube 2.0 
mm. focal spot. The Patterson Fluoroazur 
intensifying screen particularly adapted for 
photography and an experimental Eastman 
“blue sensitive” film are used. The motion 
picture camera is equipped with a special 
f 0.85 lens.* Most cases can be examined 
with a camera speed of 16 frames to a sec- 
ond; heavier patients and oblique views 
may require 12 frames to the second. 

The advantage of the motion picture 
method is that all phases of the circulation 
of the opaque material through the cardio- 
vascular system are recorded. There is no 
timing problem provided the roentgen tube 
capacity is not exceeded. Furthermore, on 
several occasions, detail of a portion of the 
heart such as the pulmonary or aortic valve 
was recorded on one frame only. Hence 
consistent visualization of such a structure 
could be obtained only by the motion pic- 


* Kindly loaned to Dr. Arthur M. Master by the Eastman Ko- 
dak Company, Rochester, New York. 
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Fic. 1. Contact print of 35 mm. film. Fourteen exposures were made during ten seconds. Exposures 1 to § 
inclusive show the right side of the heart and the pulmonary arteries. Frames 8 to 14 show the left side of 
the heart, the aorta and the innominate arteries. In frame 4 the pulmonic valve can be identified by the 
incisure which it forms; in frame 9, the aortic valve. 
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Fic. 24. An enlargement of frame 5, Figure 1. Fic. 24. An enlargement of frame 11, Figure 1. 
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ture method. The disadvantage is that a 
very rapid sensitive and, therefore, coarse 
grain emulsion film must be used, with con- 
sequent loss of detail. In addition, the 
apparatus is expensive and its use limited. 

As a compromise between these two 
methods, the following procedure was de- 
veloped and has been found satisfactory. A 
“still” camera is used with an arrangement 
for making exposures of the fluoroscopic 
screen in rapid succession. Our apparatus 
consists of either a Robot camera or a 
Leica camera with a Leica-motor which 
rotates a new section of film into position 
automatically after each exposure. This 
permits exposures to be made with ease 
every half second. Using an f 2.0 lens, in the 
average case, roentgen exposures of 0.3 sec- 
ond are used while the camera shutter is 
set at 0.5 second. Both mechanisms are re- 
leased simultaneously. A Patterson B 
fluoroscopic screen and Agfa fluorapid film 
are used. The roentgenologic factors are 85 
kv. (single phase), 150 ma., roentgen tube- 
screen distance, 27 inches. Using an f 1.5 
lens, exposures of 0.2 second ordinarily suf- 
fice. A rotating target tube is essential for 
sharp detail. With this arrangement a mini- 
mum of ten exposures can be made during 
an eight second period of observation. 

The advantages of this method are ob- 
vious. Instead of the two or three exposures 
which can be obtained when cassettes are 
used, at least ten and often sixteen can be 
made during an eight second period of ob- 
servation. There is no need to depend upon 
the circulation time except where there is 
reason to suspect marked prolongation. 
Furthermore, since direct inspection of the 
fluoroscopic screen is possible while the 
camera is operated, exposures may be con- 
tinued until part or all of the circuit is com- 
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pleted. The cost of the apparatus is rela- 
tively small. The cost of each examination, 
as far as the film is concerned, is negligible. 
In general, the film detail has been satis- 
factory. In addition, positioning of the pa- 
tient can be done under direct vision. The 
main disadvantage is the possibility that 
certain small structures such as the cardiac 
valves may be missed by any method other 
than the continuous motion picture de- 
scribed above. 

Occasionally the density of the structure 
to be visualized is slight, and direct roent- 
genography is highly desirable. In this case 
we have found the use of a conventional 
polygraph quite satisfactory. Using the ap- 
paratus designed for 14” by 17” roentgen 
films, four exposures can be made, each 7” 
by 83”. By positioning the patient fluoro- 
scopically, most of the heart and aorta can 
be included. Exposures may be made as 
rapidly as the polygraph tray can be 
shifted. Ordinarily, therefore, exposures 
can be made with ease at intervals of one 
and one-half to two seconds or longer, as 
desired. 
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ABSTRACTS OF ROENTGEN AND 
RADIUM LITERATURE 


ROENTGEN DIAGNOSIS 
SKELETAL SYSTEM 


J. A. L., and SuTHERLAND, 
Cuarces G. Epiphyseal dysplasia puncticu- 
laris (stippled epiphyses). Radiology, Feb., 
1940, 74, 131-135. 

A case is reported in a white boy, aged nine, 
whose height, 45 inches, was that of the average 
boy six and a half years of age. He weighed 
44.75 pounds. He had never had any illnesses of 
any importance. Roentgen examination showed 
bone development normal, except for the short- 
ness of the bones. The humeri and femora 
showed fusiform enlargement of the lower ends 
but no bowing. The capital epiphyses of these 
bones and the epiphyses of the greater trochan- 
ters showed granular stippling with some ir- 
regularity and trumpeting along the metaphys- 
eal borders. The picture was not at all that of 
rickets and the child did not have the clinical 
symptoms of rickets. The epiphyses of the 
elbow joints and wrists showed a mild degree 
of stippling. The epiphyses of the ankles and 
knee joints showed irregularity along the meta- 
physeal borders but no stippling. The epiphyses 
of the metacarpals, metatarsals and phalanges 
were normal. There was a marked epiphysitis 
of the whole spinal column but no stippling. 

There was no delay in the development of 
the centers of ossification but only defective 
growth in length and the child did not have any 
signs of congenital hypothyroidism. 

This disease apparently is a chondrodystro- 
phy, but not necessarily of the achondroplastic 
type. It is probably caused by endocrine dys- 
function, but not necessarily, as this case shows, 
by hypothyroidism.—dudrey G. Morgan. 


Campe.i, A. M. G. Carcinomatosis of bone. 
Lancet, April 27, 1940, 7, 777-780. 


The symptoms of ‘“‘rheumatism”’ are not in- 
frequently produced by secondary carcinoma- 
tous deposits from a primary growth which has 
not been realized. 

Spread of tumor cells to bone appears to be 
by way of the vascular system rather than by 
way of the lymphatics. Bones containing red 
marrow are most susceptible to growth of the 
transplanted cells. For this reason, the ribs, 
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sternum, vertebrae and the proximal ends of 
the long bones are most likely to become in- 
volved. Trauma may be a factor conducive to 
growth. Secondary carcinomata in bones are 
not rare, particularly when the primary lesion 
is located in the breast, prostate, thyroid, lung, 
kidney, stomach, tongue, esophagus or supra- 
renal. 

The essential clinical features include: (1) a 
prolonged period of pains—considered to be 
rheumatism; (2) loss of weight; (3) depletion of 
red blood cells; (4) abnormalities in diameter 
of the red cells, and (5) roentgenographic evi- 
dence of bone destruction. 

The pains were usually gnawing, deep seated, 
intense and unrelated to movement. In some 
instances there was tenderness to digital pres- 
sure applied over the involved bones. Local 
applications such as heat and physiotherapy 
tended to aggravate rather than alleviate the 
pains and the ordinary analgesics were of no 
benefit. Osteo-arthritis should be ruled out (as 
it can, when there is freedom of joint move- 
ment) while fibrositis should not be diagnosed 
unless there are painful nodules. 

The blood picture may be normal though 
hypochromic anemia was not uncommonly 
noted. These changes were believed to be due 
to toxic depression of the bone marrow. There 
may be immature red and white cells, a vari- 
able color index and a low platelet count (also 
seen in multiple myeloma, myelosclerosis, 
marble bones and erythroblastic anemia). 

Roentgen findings are most important but 
they may be late. Lytic lesions may be inter- 
preted as hyperparathyroidism—but the pains, 

n the case of metastases with normal blood 
calcium should serve to distinguish these two 
possibilities. There may be general signs such 
as wasting, loss of appetite and pyrexia. Patho- 
logical fractures may occur as the first evidence. 
A. A. de Lorimier. 


BLOOD AND LYMPH SYSTEM 
ZIFFREN, SipNEY E. Accidental perivascular 
injection of thorotrast. Radiology, Feb., 1940, 
34, 171-175. 
Two cases are described, in the first of which 
a mass was produced in the forearm just below 
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the elbow by the accidental perivascular in- 
jection of thorotrast. In the second case there 
was diffuse scarring in the groin from spread of 
the thorotrast through the tissues. 

The possible dangers of the accumulation of 
thorotrast in the tissues have been described. 
Very small amounts of radium may cause death 
if properly distributed through the body. Fi- 
bromas and sarcomas have been produced by 
the subcutaneous injection of small amounts of 
thorotrast into experimental animals. 

In these two cases there was no evidence of 
radioactivity in the affected areas when tested 
with the Geiger-Miiller counter. But thoro- 
trast gives off large amounts of alpha rays 
which are filtered out by the skin and are not 
demonstrable with this counter. These are the 
rays which have produced such bad effects in 
occupational radium poisoning.—Audrey G. 
Morgan. 


ROENTGEN AND RADIUM THERAPY 


OVERGAARD, KrisTIAN, and OKKELs, HARALD, 
The action of dry heat on Wood’s sarcoma. 
Acta radtol., 1940, 27, §77-582. 


Attempts to prove that heat has a destruc- 
tive action on tumor tissue have generally failed 
due to the fact that the dosage of heat could 
not be determined accurately. The authors 
report experiments in which the temperature 
was measured throughout the treatment by 
inserting a thermo-needle. About 3,000 white 
mice were used for the experiments. The heat 
was applied locally to the tumors. Ordinary 
diathermy, short wave and ultra-short wave 
diathermy were used. In a considerable number 
of cases permanent local cure was brought 
about. The temperature used varied in the 
different groups of animals from 42 to 46°C. 
and the time of application from five to sixty 
minutes. The experiments show that heat has 
a selective action on tumor tissue, destroying 
it without injuring normal tissue; the effect 
depends on the temperature and the time of 
exposure but not on the wave length used. 

In another series of experiments combined 
heat and roentgen treatment was used. A curve 
was plotted showing the proportion of cures 
obtained with roentgen doses of between 400 
and 2,000 r. There was a considerable increase 
in the percentage of cures when slight heat 
treatment was given before or after the roent- 
gen treatment. The effect did not depend on 
whether the heat was applied before or after 
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the roentgen treatment, so it could not have 
been a question of activating the rays. Cures 
were brought about with dosages of heat and 
roentgen rays neither one of which would have 
been effective alone. The doses used were so 
small that they could be used without danger 
on human beings. 

Histological examinations showed that this 
combined treatment has a selective destructive 
action on tumor tissue and that heat acts 
chiefly on the protoplasmic elements of the 
tumor cells, which is a different action from 
that of the roentgen rays.—Audrey G. Morgan. 


Hansson, C. J. Kaposi’s sarcoma. Acta radiol., 
1940, 2/, 457~-47 
In 1872 Kaposi first described this disease. 
Nodules from the size of a peppercorn to that 
of a pea or hazelnut, brownish or bluish red in 


color, appear on the skin without any apparent 


cause. They are smooth and elastic and often 
resemble blood blisters. They may occur singly 
or in groups. They generally develop first in the 
sole or dorsum of the foot and soon spread to 
the hands. Later they may develop in smaller 
numbers on the legs, arms, face and trunk. 
They may ulcerate and they show a marked 
tendency to hemorrhage. The disease generally 
causes death in two or three years; it occurs 
predominantly in males over forty years of age. 
The histological structure consists of foci of 
fusiform spindle cells and a rich new-growth of 
capillaries between which there is pigmentation. 
Kaposi first called the disease idiopathic, mul- 
tiple, pigmented sarcoma but he later changed 
it to idiopathic, multiple, hemorrhagic sarcoma. 
No treatment except arsenic was known for the 
disease until after the introduction of radium 
therapy. 

The disease is quite rare and occurs chiefly 
in southeastern Europe, particularly Italy, 
Poland and Russia. The author has seen 23 
cases at the Radiumhemmet in Stockholm, 18 
of them in men and § in women. All of the 
patients except three belonged to the laboring 
classes but this may have been because the 
patients at the Radiumhemmet are chiefly of 
that class. Kaposi never mentioned cases with 
a single tumor, probably because most of his 
patients came late for treatment. Seven of the 
author’s patients had solitary tumors on the 
first examination; in § of these further tumors 
developed during the period of observation but 
2 never had but one tumor. However, these 
were under observation for only a short time. 
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There has been considerable discussion as to 
whether these are true sarcomas or only some 
form of chronic inflammatory granulation 
tissue. Histological examination in the author’s 
cases did not contribute anything to the solu- 
tion of this question. 

All of his patients were given irradiation, 
with no other form of treatment. Twelve were 
treated with roentgen rays, the total doses 
varying from 1,000 to 4,000 r on the surface. 
Treatments were given daily, 300 to 500 r each 
time. In all the cases the focus-skin distance 
was 23-50 cm. In § of the cases the filter was 
1 mm. aluminum, 100 kv. In the other cases 
4mm. aluminum or 0.§ mm. copper and I mm. 
aluminum filter, 150-180 kv., 4 to 6 ma. In 
some of the more resistant cases a second 
similar series of treatments was given two to 
three months later. Five patients were treated 
by implantation or surface application of ra- 
dium. The filtration was equivalent to 1 mm. 
lead. The dose in implantation varied from 10 
to 40 mg. radium element for two and a half 
to four hours. For the surface application the 
dose was 150 mg. radium element applied for 
three hours at a distance of 12 mm.; the filtra- 
tion was equivalent to 3 mm. lead. The remain- 
ing 6 patients were treated with both radium 
and roentgen rays, one method of irradiation 
being applied to some of the tumors and the 
other to others. 

The tumors disappeared under both roentgen 
and radium treatment. The author thinks that, 
contrary to usual opinion, the prognosis is 
good. Seven of his patients have died but in 
none of the cases was there any evidence to 
prove that death was caused by Kaposi’s sar- 
coma.— Audrey G. Morgan. 


Reisner, A. Die Bedeutung der Réntgen- und 
Radiumbehandlung fiir die Krankheiten der 
Haut. (The value of roentgen and radium 
treatment in diseases of the skin.) Strah/en- 
therapie, 1940, 07, §84-602. 

The author discusses the biological action of 
rays on the cell. The rays act on the atom by 
producing movements of the electrons. The 
transformation of a physical process into a 
photochemical effect is probably the first of a 
series of changes which result in what is seen 
as the action of the rays. In human tissues it is 
chiefly the albumin molecule that is affected. 
Roentgen irradiation probably acts primarily 
on the cell nucleus. 

The action takes place at the site where the 
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irradiation is absorbed. The length of the rays, 
that is the quality of the radiation, plays only 
a subordinate part. 

The method of measurement based on ioniza- 
tion in air is the most nearly ideal one. Dosage 
based on Sabouraud tablets should be given up 
as it is too inaccurate. Differences in biological 
action between hard and soft rays are based on 
differences in absorption. There is no longer 
any justification for the so-called moderate 
deep therapy and it should no longer be used. 

In the treatment of skin diseases an effort 
should be made to use a rational treatment, 
that is to use soft rays, as in this way the least 
damage is done to normal tissues. 

The chief field for the use of radium in skin 
diseases is in angiomata and keloids and some- 
times plastic induration of the penis. The more 
favorable effect in these conditions as compared 
with that of roentgen rays does not lie in a 
special sensitiveness of the cells but in the time 
factor. Slow irradiation is the reason for the 
better cosmetic results. Dosage can be carried 
out easily and accurately at present by the use 
of the photographic method or the Drosophila 
method and radium and roentgen dosage can 
be compared in roentgen units. At present such 
good results can be obtained in skin cancers 
with close roentgen irradiation that radium 
can be dispensed with entirely. 

The importance of the time distribution of 
the dosage—protraction and fractionating—is 
discussed briefly. The comparative action of 
roentgen and radium radiation is a problem of 
quantity. Ifthe doses and intensities of the two 
kinds of radiation can be made the same the 
effects are the same.—Audrey G. Morgan. 


Bove, H.-G. Uber die praktische Anwendung 
der Réntgen und Radiumstrahlen bei Haut- 
krankheiten. (The practical use of roentgen 
and radium rays in skin diseases.) Strahlen- 
therapie, 1940, 67, 603-624. 

There has been a tendency in the past decade 
to limit the use of radiotherapy in skin dis- 
seases. This is doubtless due in part to the fact 
that many cases of injury by the rays have 
been seen and that they have frequently been 
seen in cases in which other methods of treat- 
ment would have served the purpose as well. 
The dermatologist is in a particularly difficult 
position with regard to the use of irradiation 
because he has to treat a skin that is already 
damaged and therefore much more sensitive 
than the normal skin through which the rays 
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pass in the treatment of deep diseases. More- 
over skin diseases are often very chronic and the 
repeated treatments necessitated by this fact 
may lead to late injury. 

The author advises great care in the use of 
roentgen treatment in eczema and thinks it 
should never be used in seborrheic eczema or 
in eczema in children. 

In all roentgen treatment of skin diseases 
the principle of doing as little injury as possible 
to the skin must be observed. Recently there 
has been a tendency to use soft rays with a 
half-value layer of not more than 0.5 mm. 
aluminum and sometimes as low as 0.2 mm. 
In psoriasis as well as eczema soft rays and low 
dosage should be used and only in cases in 
which irradiation is strictly indicated. 

In using roentgen treatment for epilation in 
children not more than four fields should be 
used and the dose of about 350 r given in four 
irradiations on two different days. The half- 
value layer should not be more than I mm. 
Al. The intensity should be 20 to 50 r/min. 

Roentgen irradiation is of value in acute in- 
flammations. The more acute the inflammation 
the lower the dose. No definite dose can be pre- 
scribed. The physician must decide in each case, 
Among chronic infections roentgen irradiation 
has given good results in inguinal lymphogranu- 
loma. Irradiation has proved valuable in the 
treatment of acne vulgaris and the skin symp- 
toms of leukemia and mycosis. It cannot be con- 
sidered the treatment of choice in lupus. Indi- 
rect irradiation of the sympathetic has proved 
valuable in lichen ruber planus and to a lesser 
degree in progressive sclerodermia. Irradiation 
of the whole body has proved valuable in leu- 
kemia. Chaoul’s method of close irradiation is 
the method of choice in cancer of the skin and 
lips; it has given a very high percentage of cures. 

Radium has proved very effective in cavern- 
ous angiomas. Further indications for the use of 
radium are paraungual and subungual and 
plantar warts and leukemic skin infiltrations. 
Either Chaoul’s close roentgen irradiation or 
radium should be used in epitheliomata of the 
skin. 

The uses of thorium and grenz rays are dis- 
cussed briefly.— Audrey G. Morgan. 


Hatter, K., and Lunort, V. Erfahrungen mit 
der indirekten Ro6ntgenbestrahlung des Li- 
chen ruber planus und der progressiven 
Sklerodermie. (Experience in the indirect 
roentgen irradiation of lichen ruber planus 
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and progressive sclerodermia.) Strahlenthera- 
pie, 1949, 67; 625-638. 


Direct roentgen irradiation means the irradi- 
ation of the disease focus, while indirect irra- 
diation means the irradiation of some distant 
organ for the purpose of treating the focus. In 
the case of lichen ruber planus the vegetative 
nervous system is irradiated. This method was 
introduced by Zimmern and Cottenot in Igtg. 

The previous work with this method is re- 
viewed and the authors discuss 47 cases of 
ichen ruber planus and 8 of sclerodermia which 
they have treated by it. If the skin changes are 
generalized they irradiate the whole spinal col- 
umn. Size of fields 10X15 cm., filter 0.5 mm. 
copper and 1 mm. aluminum, focus-skin dis- 
tance 40 cm., 180 kv., 6 ma., dose } skin ery- 
thema dose. Repetition after two weeks and if 
necessary up to six times at intervals of four 
weeks. The average time required for treatment 
in the 47 cases was four months. The results 
were successful in 65.4 per cent of the cases. 

Cases that had developed recently reacted 
better than old ones. Cases that had been 
treated with arsenic and those that were pro- 
voked by salvarsan reacted particularly well. 
It is probable that preliminary arsenic treat- 
ment will improve the results of roentgen treat- 
ment. Mucous membrane foci and lichen ruber 
verrucosus and lichen ruber obtusus were not 
affected. 

Indirect irradiation is superior to arsenic 
treatment alone in quickness of results, cos- 
metic results and harmlessness. 

Eight cases of progressive sclerodermia were 
also treated. The results were successful in 4 
cases and unsuccessful in four.-.dudrey G. Mor- 
gan. 


LatcumMore, A. J. C., LaToucue, A. A. D., and 
SuucksmitTH, H. S. Acute suppurative paro- 
titis; treatment by deep x-ray therapy. 
Lancet, March 16, 1940, 7, 497-499- 


The authors speak enthusiastically as to the 
value of roentgen therapy for the treatment of 
acute suppurative parotitis. They emphasize 
the importance of instituting this treatment im- 
mediately upon evidence of swellings. The re- 
sults obtained in 11 cases are cited. In 7 of these 
where treatment was instituted early, complete 
resolution took place in 5; resolution after inci- 
sion of a local abscess in 1 case, while 1 died 
from causes other than parotitis. In 2 other 
cases, treated two days following the swelling of 
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the gland, 1 resolved completely while the other 
formed a local abscess. Two other cases were 
treated by roentgen therapy late (ten days or 
longer after swelling occurred) and both died. 

The roentgen therapy consisted of 100 r daily 
or 200 r on alternate days (fields sufficient to 
cover area of swelling) until a total dosage of 
soo—6oo r (to the skin) was attained. In most 
cases these treatments were given with 200 kv. 
(peak) using 1.0 mm. Cu filter and a focus-skin 
distance of 23 cm. 

The authors believe that these infections are 
generally caused by the Staphylococcus aureus 
and that they progress because of dryness of the 
mouth, due to lack of salivation. Hence they 
occur particularly after abdominal operations. 
Dehydration should be offset by supplying 6 
pints of fluid a day (continuous intravenous in- 
fusions—4 pints of § per cent glucose and 1 pint 
of normal saline). Careful hygiene of the mouth 
should be enforced and as a further prophylac- 
tic measure, chewing gum should be used to 
stimulate salivary secretions. 

These infections are serious because of their 
tendency to develop necroses—definite ab- 
scesses—due to the resistance to the inflamma- 
tory changes by the fascial sheets. Finally, the 
fasciae do rupture and the infection may then 
dissect into the external ear, into the pharynx or 
down into the neck (with the likelihood of de- 
veloping thromboses of the internal jugular vein 
and thereby a generalized pyemia).—d. A. de 
Lorimier. 


Rosinson, G. ALLEN. Radium therapy in poly- 
poid ethmoiditis. Radiology, April, 1940, 34, 
449-450. 

The author applies to each ethmoid area a 50 
milligram radium capsule screened with 0.5 
mm. platinum, giving 150 to 200 mg-hr. per 
treatment. An average of four treatments 1s 
given with an interval of ten days to two weeks 
between them. Vaseline packing is used to keep 
the capsules in position and is placed between 
the tube and septum so that the septal mucosa 
will not be burned. A double string is attached 
to a small ring in one end of the capsule and 
strapped to the patient’s cheek and around the 
ear to keep the capsule from being dislodged 
and swallowed. 

He does not give any information in regard to 
the number of cases treated but says that in his 
experience the mucoid and mucopurulent secre- 
tion has been lessened; headache has been re- 
lieved and in a few cases the sense of smell has 
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returned; asthma has been controlled in the 
majority of cases when caused by the ethmoidi- 
tis; small polyps have disappeared and the in- 
tervals between recurrences have been length- 
ened. Complications such as necrosis of bone 
and perforated septum are very rare if care is 
used in the radium treatment.—Audrey G. Mor- 
gan. 


MAxFIELD, J. R., Jr., and Martin, CHARLES 
L. Evaluation of roentgen therapy in sinus 
disease. Radiology, March, 1940, 34, 300-310. 


From 1850, when the modern conception of 
sinus disease developed, up to about 1915 sur- 
gery was the treatment of choice. But it was 
found gradually that sinus surgery only necessi- 
tated more sinus surgery and now there is a 
greater tendency to conservatism. 

The authors report $7 cases treated by roent- 
gen therapy. They had the best results in the 
chronic hyperplastic type of sinusitis. Their 
present technique is 200 kv., 25 ma., 50 cm. dis- 
tance, 0.6 mm. copper and I mm. aluminum 
filter, treatment time ten minutes, which gives 
400 r, measured in air, without backscatter 
through a single field, 15 X15 cm. square over 
the region of the frontal maxillary and ethmoid 
sinuses. They have had only 18 per cent cures, 
which is much lower than the results reported 
by a number of writers, and even these they 
prefer to call relieved rather than cured. They 
have had very striking relief in some cases and 
these results justify the use of irradiation in 
cases not relieved by other methods, particu- 
larly as the treatment is very well tolerated. 
Needless to say it should be given only by a 
competent and skilled roentgenologist. They do 
not advocate the use of irradiation if there are 
soft tissue masses in the sinuses until after the 
masses have been removed surgically. They be- 
lieve that irradiation should be used after all 
surgery on the sinuses in cooperation with the 
otolaryngologist and the physician who has re- 
ferred the case.—Audrey G. Morgan. 


Gritii, Apamo. II trattamento curieterapica 
delle forme avanzate di carcinoma della mu- 
cosa della guancia. (The radium treatment of 
advanced forms of carcinoma of the mucous 
membrane of the cheek.) Radiol. med., June, 
1940, 27, 440-452. 

At the Radiological Institute of the Univer- 
sity of Milan the early stages of carcinoma of 
the cheek are treated first by infixation of ra- 
dium needles in the tumor, then by complete re- 
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moval of the regional glands and finally by 
transcutaneous radium therapy by means of 
modelled apparatus which covers the primary 
tumor and the regional glands. This same 
scheme cannot be used in very advanced cases 
because the cheek has often become rigid and 
fixed, and sometimes the jaw is locked because 
of invasion of the masseters so that it is difficult 
or impossible to introduce radium into the 
mouth. 

The plan of treatment adopted at Milan for 
these advanced tumors is therefore first trans- 
cutaneous radium treatment of the primary tu- 
mor and the gland metastases by means of 
modelled apparatus. This reduces the size of the 
primary tumor and makes it possible to open 
the mouth and at the same time acts on the 
gland metastases which at this stage generally 
require immediate treatment. Tubes containing 
5, 10 and 20 mg. radium are embedded in the 
apparatus at a distance of 5 cm. from the skin 
with a filter of 1 mm. platinum; the total amount 
of radium is 120-150 mg., arranged so as to get 
uniform irradiation of the whole area to be 
treated. The dose is 40 skin units in ten to fif- 
teen days both on the primary tumor and on the 
glands. This is followed by intraoral irradiation 
of the primary tumor and surgical removal of 
the glands. Sometimes one and sometimes the 
other of these is given precedence. Generally in- 
traoral treatment of the tumor is the second 
stage in the scheme followed by surgical re- 
moval of the glands. In some cases in which the 
action of the first stage has been rather slow the 
glands are removed before intraoral radium 
treatment. 

Case histories of 17 cases treated in this way 
are given. In 7 of them all three stages of the 
treatment were given, in § only the first two 
stages and in § only the first stage. Tables are 
given showing details of results and the length 
of survival. Two of the patients are still alive 
after six years, though all these cases were at 
the extreme limit of operability.—Audrey G. 
Morgan. 


Courarp, Henri. Present conception of the 
treatment of cancer of the larynx. Radiology, 
Feb., 1940, 34, 136-145. 

Report is made of the treatment of cancer of 
the larynx at the Curie Institute from 1921 to 
1932. A total of 142 patients with inoperable 
cancer or recurrence was treated. Of these 39, or 
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27 per cent, have survived five years without 
symptoms; Ig out of 87 patients treated be- 
tween 1921 and 1927, or 22 per cent, have sur- 
vived ten years without symptoms and 6 out of 
31 patients, or 19 per cent, treated between 
1921 and 1923 have survived fifteen years free 
of symptoms. There are considerable differences 
in the results for different years and the author 
attributes this to the fact that in the more fa- 
vorable years a greater number of radiosensitive 
cancers appeared for treatment. The total num- 
ber of of five year survivals in cancers with early 
radiosensitiveness has been 75 per cent and that 
in cases with only late radiosensitiveness has 
been only 6 to 8 per cent. Cases of early radio- 
sensitiveness are ones with undifferentiated or 
only slightly differentiated cells. Those with dif- 
ferentiated cells are much harder to cure. Often 
in the cases of five year survival a recurrence 
occurs in the sixth year. This seems to have hap- 
pened most frequently in cases in which the 
daily doses were small, particularly if these 
small daily doses followed a period of larger 
doses. 

Since the results in 1932 were little better 
than those in 1921 the author concluded that 
old methods of treatment had yielded all they 
could and it was time to look for better ones. 

A careful study has shown that there are 
periods of maximal radiosensitiveness. The 
duration of treatment should be in inverse pro- 
portion to the degree of infiltration and im- 
mobilization of the tumor. 

The use of high voltage radiation has brought 
about some improvement in the treatment of 
these cancers by making it possible to simplify 
methods of treatment. This has been accom- 
plished by using a single field with a regular and 
daily decrease of its size and a regular and daily 
increase in the dose. The best results have been 
obtained with intensities of from 2 to 3 r per 
minute in the tumor with a total duration of 
from twenty-five to thirty hours for 7,000 r on 
the skin. An intensity of more than Io r per 
minute seems to be one of the causes of intoler- 
ance to irradiation. 

High voltage treatment has not given such 
good results as were expected in deep cancers 
of the uterus, prostate, rectum, bladder and 
esophagus but the results in differentiated can- 
cer of the larynx, pharynx and mouth have been 
better than those with the old methods.—<Au- 
drey G. Morgan. 
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McCreapy, J. Homer. Surgical treatment of 
cancer of the larynx. Radiology, Feb., 1940, 
34, 146-148. 

There are two types of laryngeal cancer, ex- 
trinsic and intrinsic. The former affects the soft 
tissues of the larynx and hypopharynx, and as 
there is an abundant lymph supply metastasis is 
apt to occur early. The intrinsic type affects the 
glottis or subglottis or both. There is less soft 
tissue involvement and a less abundant circula- 
tion of lymph; metastasis therefore occurs later 
and this type is much more favorable for opera- 
tion. As a general rule, intrinsic cancers should 
be operated on and extrinsic ones treated by ir- 
radiation. 

In any patient with prolonged hoarseness, 
pain in the larynx, expectoration of blood-tinged 
mucus or a feeling of foreign body in the larynx, 
roentgen examination should be made for tu- 
mor. It should be remembered that cancer of 
the larynx is not unusual in young people. The 
lungs and mediastinum should also be examined 
for possible metastases. 

The author believes that with a careful study 
of the natural history of these growths the dis- 
ease can be arrested in the precancerous stage 
by combined treatment with surgery and irra- 
diation and that true malignancy will be seen 
much less frequently than it is now.—Audrey G. 
Morgan. 


Martin, Hayes E. Variations in radiation 
technic and biologic effects in the treatment 
of pharyngeal cancer. Radiology, Feb., 1940, 
34, 149-165. 

Before the fractional dose of radiation came 
into use cure of pharyngeal cancer was rare. 
Nevertheless other methods should not be aban- 
doned entirely. The technique of fractional ir- 
radiation cannot be standardized so that it can 
be used in just the same form in all cases. At the 
Memorial Hospital in New York the average 
treatment for a small pharyngeal lesion is about 
350 r daily through circular fields 7 cm. in di- 
ameter, first on one side of the neck and then on 
the other for a total of 3,500 r to each side of the 
neck in twenty days; 200 kv., 8-30 ma., 0.5 
mm. copper and 2.0 mm. aluminum filter, 50- 
60 cm. target-skin distance. The different fac- 
tors may be modified to suit the individual case 
and usually additional treatment is given at the 
end of twenty days. 

In some cases interstitial radon must be used 
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as a supplementary treatment. This may pre- 
vent some of the bad effects of very heavy dos- 
age of roentgen radiation. It may also overcome 
a radioresistant residue or a distant lymph node. 

Other variations in the biological effects fol- 
lowing variations in the different physical fac- 
tors of radiation are discussed in detail and il- 
lustrations and diagrams given of the apparatus 
and method of application of the irradiation. 

Following this article on pp. 161-165 a dis- 
cussion is given of the symposium on cancer of 
the larynx. Dr. Lenz of New York gave tables 
showing the results of treatment at Montefiore 
Hospital for 1931 to 1935. He said that in the 
cases in which only one cord was involved 
the number of recorded cures after laryngo- 
fissure was greater than that after roentgen 
therapy. But radiotherapy failed completely 
when both cords were involved and especially 
when the arytenoid cartilage was invaded and 
the cord was fixed. These patients survived only 
if the cartilage was removed surgically and 
postoperative roentgen treatment given. 

As to treatment he does not believe that the r 
afflux per minute is as important as was formerly 
believed but that the size of the daily dose is 
more important. Recently their daily dose has 
not exceeded 300 r and has generally been less. 

Dr. Coutard said that the treatment of can- 
cer of the larynx is undergoing evolution and 
that he believed that in the near future both 
operable and inoperable carcinomas of the lar- 
ynx would be treated by irradiation. 

Dr. Costolow said that with improvement in 
irradiation few operations are being done now. 
During the past three and a half years at the 
Los Angeles County Hospital out of some 30 
cases of cancer of the larynx only 3 were treated 
surgically and in 1 case this was at the patient’s 
request. He believes that in highly malignant 
growths external irradiation is the treatment of 
choice. Generally speaking low grade carcinoma 
confined to one cord may be cured by laryngo- 
fissure or other surgical methods. 

Dr. Harris said that he and Dr. Klemperer 
had studied 60 cases of cancer of the larynx and 
found that 80 per cent of them were highly dif- 
ferentiated. Of these 40 were treated by roent- 
gen therapy and the response showed that the 
results of this treatment do not depend on the 
histologic grade of the tumor. This is especially 
true in cancer of the true cord. 

Dr. Chevalier Jackson said that in the type of 
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cases described by Dr. McCready laryngofissure 
would give such good results that it should be 
used until the results of irradiation are better 
than they are now. The low-grade tumor gives 
better results either by surgery or irradiation. 
Other factors such as the location and extent of 
the tumor are more important than the histo- 
logic type but that in borderline cases the his- 
tologic type is the deciding factor. Among 106 
cases treated before 1930 by irradiation he has 
only found 44 that had been definitely arrested 
and not one of the patients survived more than 
a year or a year and a half. This does not justify 
using irradiation in any operable case. Since 
1930, 90 cases have been treated in his clinic by 
irradiation, 79 of them more than two years 
ago. Of these 17, or 21 per cent, are well two 
years or longer, the longest seven years. 

High-grade tumors respond quickly to irradi- 
ation but not necessarily better than low-grade 
ones. They do not stand as good a chance of be- 
ing cured permanently as the radioresistant, 
highly differentiated low-grade tumor. If the 
tumor disappears slowly and even needs some 
interstitial irradiation it is more apt to give the 
best late results.— Audrey G. Morgan. 


Etwarb, Josepu F., and Dopex, Samuet M. 
Roentgen therapy in acute puerperal masti- 
tis. Radiology, Feb., 1940, 34, 166-170. 

The authors report 25 cases of puerperal mas- 
titis treated by irradiation. Eleven (44 per cent) 
were given treatment within forty-eight hours 
of the beginning of symptoms, 3 (12 per cent) 
within ninety-six hours and 11 (44 per cent) 
more than ninety-six hours after symptoms be- 
gan. Pain was the chief symptom in all cases and 
there was some degree of fever in all. Fourteen 
cases (56 per cent) had fissures of the nipple. Of 
the 11 cases treated within forty-eight hours of 
the beginning of symptoms only one (4 per cent 
of the total cases, 9 per cent of the forty-eight 
hour cases) required incision and drainage. 
Twelve cases (48 per cent) were treated with 140 
kv., 0.2 mm. copper plus 1 mm. aluminum filter 
and 30 cm. target-skin distance. Thirteen cases 
(52 per cent) were treated with 200 kv., 0.5 mm. 
copper plus I mm. aluminum, 50 cm. target- 
skin distance. None of the cases treated within 
forty-eight hours with 140 kv. (4 cases) de- 
veloped abscess. Of the remaining cases treated 
within the first forty-eight hours with 200 kv. 
(6 cases, 24 per cent), only 1 case required inci- 
sion and drainage. The other Io incised cases 
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were treated ninety-six hours or more after the 
beginning of symptoms. The fields covered the 
inflamed area with a considerable zone of nor- 
mal tissue around it. 

The authors believe that the most frequent 
avenue of infection is the fissured nipple. When 
the first signs of such lesions develop they 
should be treated with 5 per cent silver nitrate 
solution. When the nipple has become definitely 
fissured nursing should be stopped and a firm 
binder applied. Pain, swelling, redness and in- 
duration of the breast or fever are indications 
for roentgen treatment which should be begun at 
once. If this plan is followed puerperal mastitis 
complicated by abscess will be greatly de- 
creased.— Audrey G. Morgan. 


Owen, S. E., and Wituiams, A. E. Irradiation 
and hereditary mammary cancer. Radiology, 
May, 1940, 34, 541-544. 

It seems to have been proved that mammary 
cancer in mice is caused by the action of ovarian 
hormones on mammary tissue that has been 
conditioned by heredity. This conditioned mam- 
mary tissue is extremely sensitive to the action 
of ovarian hormones. 

The authors experimented in the irradiation 
of a strain of mice that-had been bred until they 
showed a high incidence of cancer of the breast 
—78 per cent of multiparous females with a 
mean observance age of 10.7 months. 

Small doses of radiation (100 r) in such a 
group resulted in decreased incidence of mam- 
mary tumors. The decrease in cancer incidence 
over a five months’ observation period after the 
irradiation was roughly proportional to the 
dose of radiation. While some of this cancer sup- 
pression may have been due to depressing the 
ovarian hormones non-sterilizing doses were ef- 
fective. However, doses three times as large as 
the sterilizing dose were most effective. In none 
of the cases did irradiation increase the inci- 
dence of cancer. Histological examinations of 
controls showed that the tissues were non-can- 
cerous at the time of irradiation. 

The authors bring up the question of whether 
they were treating cancer successfully before it 
could be recognized histologically. They suggest 
a more careful study of this field of “latent can- 
cerism” and investigation of other types of 
spontaneous tumors, especially ones that are 
not definitely influenced by endocrine factors.— 


Audrey G. Morgan. 
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Goin, Lowe t S., and Horrman, EUGENE 
New approach to the treatment of certain 
bladder carcinomas. Radiology, Feb., 1940, 
205-213. 

As the results with the previous methods of 
treating carcinoma of the bladder have been so 
poor, the author proposes marsupializing the 
bladder and treating the tumor with low volt- 
age roentgen therapy. The steps in the midline 
cvstotomy and suturing the bladder to the su- 
perficial layer of fascia and to the skin are il- 
lustrated. The apparatus used, a Philips Me- 
talix contact therapy unit operating at 50 kv. 
constant potential and 2 ma. current, is de- 
scribed in detail. The anode-surface distance is 
22 mm. and the r afflux 1,278 per minute. Evi- 
pal anesthesia is used because some patients 
cannot bear the feeling of traction that results 
from holding the tube in contact with the tu- 
mor. The dosage has been as high as 2,556 r per 
treatment and the total dosage as high as 30,672 
r given over a period of twenty-seven days. 

“Three cases are described in which the re- 
sults were excellent. The number of cases is too 
small and the time too short to permit of defi- 
nite evaluation of the method but the author 
believes that in selected cases it offers more hope 
than fulguration or cystectomy. 

In the discussion Dr. Murphy said he thought 
the method was hopeful. He had used it in only 
2 cases, one of which was too far advanced for 
this form of treatment but the primary result 
was excellent in the other. His technique differs 
a little from Dr. Goin’s. He has simply opened 
the bladder and given the whole treatment at 
one time (10,000 r in thirty-five minutes) and 
then closed the bladder without drainage. 

Dr. Goin said that it is remarkable how little 
reaction follows the massive amounts of radia- 
tion he has used in these cases. He says that 
Dr. Murphy suggested using a longer distance 
but he does not think this advisable because 
this method should be used only for cases in 
which the tumor has not extended beyond the 
bladder wall and in such cases increased depth 
doses are not wanted.— Audrey G. Morgan. 


Carson, W. J. Tumors of the penis. ¥. Urol., 

Sept., 1940, Z4, 307-313. 

Penile cancer constitutes between 2 and 3 per 
cent of all male cancers. Most of these cases can 
be prevented by circumcision in early life. Pe- 
nile tumors can be classified into benign and ma- 
lignant. Tumors of the anterior urethra are 
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considered with penile tumors. Benign tumors 
are (1) cysts, (2) lipomata, (3) myomata, (4) 
fibromata, (5) vascular tumors including aneu- 
rysm, venous varices and cavernous hemangio- 
mata, and (6) papilloma. Malignant tumors 
include (1) epithelioma, (2) sarcoma, (3) mela- 
noma, (4) endothelioma, and (5) teratoma. 

Tumors arising in the deep urethra are usu- 
ally squamous or basal cell epithelioma. These 
usually begin as pimples, flat ulcers or black 
spots. Early growth is slow. The author sum- 
marizes 12 cases, 10 of which were epithelioma. 
The treatment is analogous to the treatment of 
carcinoma of the breast. According to the litera- 
ture the best prognosis occurs from radical sur- 
gical removal of the tumor mass and the drain- 
ing lymphatics. This is the treatment of choice. 
Palpable lymph nodes are no contraindication 
to radical surgery. Most cases are given post- 
operative deep roentgen therapy.—R. M. Har- 
vey. 


Voss, Friepricu. Spezielles und Methodisches 
zur R6ntgenbehandlung der _progressiven 
Paralyse nach Bering. (Methods used in Ber- 
ing’s roentgen treatment of progressive paral- 
ysis.) Strahlentherapie, 1940, 67, 693-699. 
Bering was the first to use roentgen rays in 

the treatment of progressive paralysis on the 
theory that, as in other inflammations, the su- 
perimposed inflammation caused by the rays 
would bring about a change in the tissues that 
would affect the course of the disease. Malaria 
and roentgen rays exercise a long-continued ef- 
fect on the brain tissue, in contrast with the 
transitory action of pyrifer and diathermia. 

At first this method was used only for pa- 
tients in whom malaria treatment was contrain- 
dicated, such as old and feeble patients and 
those with circulatory disease, such as specific 
aortitis. 

The macroscopic changes in the brain in pro- 
gressive paralysis are chiefly in the frontal re- 
gion but microscopic examination shows slight 
changes throughout the brain; therefore radia- 
tion was applied to the whole brain but most 
intensely to the frontal region. The degree of 
activity of the inflammation can be determined 
by examination of the spinal fluid. In progres- 
sive active cases with a high lymphocytosis in 
the spinal fluid, treatment must be more cau- 
tious than in old resting cases, and must be given 
in fractional doses. No uniform dose can be 
given but in each case it must be based on the 
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stage of the inflammation, the form of the skull, 
the clinical findings and the course of the dis- 
ease. 

In general the author used 185 kv., focus-skin 
distance 30 cm., filtration 0.5 mm. copper and a 
half-value layer of 1 mm. copper. Using a tube 
with an opening 10X15 cm. the minute yield 
was 41 r. After trying various techniques he 
finally adopted the following, with variations 
of course adapted to the case. On the first day 
the forehead is irradiated with 60-80 per cent 
skin erythema dose, on the third day the vertex 
and the left temple with 30 to 40 per cent, on 
the fifth day the occiput and right temple with 
40 per cent each, on the seventh day a suboccip- 
ital or nape of the neck field with 40 per cent. 
In this waya surface dose of 250 to 270 per cent 
S.E.D. is given and severe headache and total 
epilation avoided. If necessary, after three to 
four months the same dose can be given again 
without doing any harm. 

The author has begun experiments in which 
he is determining the focal dose in different 
parts of the brain in the trephined skull of the 
cadaver, using a Siemens’ universal dosimeter. 
The results of these experiments will be re- 
ported later.— Audrey G. Morgan. 


OcusNneR, Harotp C., and Mumrorp, E. B. 
Roentgen therapy for painful conditions of 
the bones and joints. Radiology, April, 1940, 
444-448. 

The authors discuss the results of roentgen 
therapy in a group of 90 cases with painful con- 
ditions of bones and joints. They included cases 
resulting from trauma, including postfracture 
cases, many of them associated with osteoporo- 
sis, cases of atrophic and hypertrophic arthritis 
and a few of osteomyelitis. 

The technique was 200 kv., 25 ma., filter 0.5 
mm. copper and 1 mm. aluminum, target-skin 
distance 50 cm. and fields varying in size ac- 
cording to the part to be treated. Four applica- 
tions of 100 r were given with an interval of two 
or three days between treatments. The total 
dose was small. 

The best results were obtained in the post- 
traumatic cases, particularly the ones with post- 
operative pain. The results were poorest in the 
group with no specific injury but possible mus- 
cle strain. The results were good in the arthritic 
cases, though the interval between treatment 
and relief was generally longer in these than in 
the traumatic cases. Occasionally the arthritic 
symptoms were aggravated for a while after 
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treatment. The number of cases of osteomyelitis 
was too small to permit of judgment as to the 
effect. But in cases with drainage there was 
prompt decrease of pain, drainage became much 
less profuse and the healing of the wound seemed 
to be accelerated. On the whole, they believe 
there was a greater percentage of improvement 
in this whole group than could have been 
brought about by any other method of treat- 
ment.— Audrey G. Morgan. 


Morrison, M. C. Distribution of radiation in 
pervaginal roentgen therapy. Radio/ogy, April, 
1940, 34, 451-456. 

With all the improvements in radiation ther- 
apy only about 25 per cent cures are still ob- 
tained in the larger cancer clinics when all 
stages of cancer of the cervix are grouped to- 
gether. The greatest difficulty lies in overcoming 
cancer of the parametrium without injuring the 
overlying tissues. If the cancer is limited to the 
cervix the problem is not so difficult. 

Irradiation can be given through the vagina 
without exposing the superficial tissues. A bake- 
lite speculum is fitted over the cervix and con- 
nected at its outer end with the short master 
cone attached to the shock-proof tube-head. 
Charts are given showing the distribution of the 
radiation given in this way. The dosage given to 
the pelvis in this way is apparently as effective 
as radium given by the usual methods in Stages 
1 and 11 of carcinoma. The roentgen method has 
the advantage of avoiding excessive radiation 
to the canal, the bladder and rectum. Appar- 
ently it is not as effective as the use of radium 
in the colpostat in the vagina in treating the 
parametrium. But even with the colpostat ra- 
dium applicators the depth dosage is only asmall 
percentage of the surface dosage and no really 
satisfactory way of treating the parametrium 
seems to have been developed. Apparently prog- 
ress must be made by developing a method of 
exposing the parametrium to a restricted beam 
of radiation from a large amount of radium in 
the vault of the vagina or by pervaginal roent- 
gen treatment directed into the fornices of the 
vagina with the distribution adequately con- 


trolled.— Audrey G. Morgan. 


Peck, S., McGreer, Joun T., Krerz- 
sCHMAR, Norman R., and Brown, Wi E. 
Castration of the female by irradiation. Ra- 
diology, Feb., 1940, 74, 176-186. 

The authors studied the records of 334 pa- 
tients treated with roentgen rays or radium for 
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benign pelvic lesions. They give a table showing 
the calculated depth dose delivered to the 
ovaries through anterior and posterior pelvic 
fields 20X20 cm. in size. One group of 72 pa- 
tients were given 625 to 749 roentgens to the 
ovaries and all of these were castrated. In an- 
other group of 36 patients given 500 to 624 r, 34 
(94 per cent) were permanently castrated. Tak- 
ing the whole group that were given 500 or more 
roentgens, 142 (96 per cent) were castrated. 
Most of these patients were forty years of age or 
older and a larger dose is required to castrate 
younger women. Apparently from the results in 
their cases 625 to 749 r delivered to the ovaries 
will assure permanent castration regardless of 
age. But go per cent of patients can be cas- 
trated with smaller doses, ranging from 375 to 
499 I. 

They found it impossible to determine a dose 
that could be depended on to cause temporary 
castration. They give techniques and dosage 
tables for giving uniform ovarian doses to pa- 
tients with varying sizes of pelvis. Benign uter- 
ine hemorrhage, whether caused by abnormal 
stimulation of the ovaries or due to normal 
menstruation can be stopped satisfactorily by 
irradiation of the ovaries. Castration by irradia- 
tion apparently does not injure the general 
health. Signs of the menopause are no more se- 
vere or frequent than after surgical castration. 

In the discussion following the paper Dr. 
Bowing said that it has been definitely estab- 
lished that irradiation is the treatment of choice 
in a selected group of cases for the control of 
vaginal hemorrhage which may or may not be 
associated with fibroma of the uterus or varying 
degrees of ovarian dysfunction. He described 
the radium technique in use at the Mayo Clinic. 
The dose necessary for temporary castration de- 
pends largely on the patient—when menstrua- 
tion began, previous surgical operations or the 
presence of chronic pelvic inflammation. He 
agreed with Dr. John G. Clark that the severity 
of the symptoms of the menopause depends on 
the nervous constitution of the patient. 

Dr. Newell said that it is not right to give 
temporary castration for no one knows what 
hereditary defects it might cause in the chil- 
dren. 

Dr. Phillips said he was delighted to hear that 
such a small number of cancers had developed 
following castration by irradiation. He was also 
interested in the effect on the sex life of these in- 
dividuals. He found that such changes were 
largely psychic. 


Dr. Peck in closing said that failures to pro- 
duce castration with radium were probably due 
to deviation of the upper radium capsule away 
from the midline of the uterus into one of the 
cornua. He believes that proper psychotherapy 
might prevent any great change in the sex life. 
They have discontinued subcastration doses be- 
cause they find them unreliable and because 
they did not know what defects might appear in 
future generations.— Audrey G. Morgan. 


TeEpERSON, Hyman I. Treatment of carcinoma 
of the rectum by electrocoagulation and ra- 
diation, in selected cases. Radiology, May, 
1940, 34, 610-617. 


A little more than 5 per cent of malignant le- 
sions are in the colon and the majority of these 
are within reach of the examining finger. The 
average time from the first appearance of symp- 
toms until the patient consults a physician is 
twelve months and by that time the disease 1s 
usually fairly well advanced. Only 30 to 70 per 
cent of the patients are operable. Operation 
should be used in operable cases. In advanced 
cases colostomy relieves obstruction but does 
not prolong the patient’s life. In all cases too ad- 
vanced for surgery or in which operation is con- 
traindicated because of general weakness, old 
age or heart or kidney disease or diabetes the 
author recommends treatment by electroco- 
agulation, followed by radium and roentgen 
irradiation. The tumor mass is removed by 
electrocoagulation, the technique of which is 
described in detail. Radium is then applied di- 
rectly to the tumor base, using platinum tube 
with walls 1 mm. thick giving a dose of from 100 
to 125 mg-hr. per square centimeter of surface. 
A new rubber “‘garden-hose” applicator for the 
radium is described. It is bent to fit the curve 
of the rectum. About three weeks after the sub- 
sidence of the radium reaction roentgen treat- 
ment is given. 

At first the author used 200 kv., 6 ma., 50 
cm. distance, 0.5 mm. copper and 1 mm. alu- 
minum filters given over two anterior and two 
posterior fields, 15 X15 cm. in size, with a total 
of 1,600 r to each field. For the past year he has 
used 400 kv., 4 ma., 70 cm. distance, 3 mm. cop- 
per plus 1 mm. aluminum filter over four fields 
with a total of 2,600 r to each field. He has had 
better recovery after this supervoltage treat- 
ment. 

He has used this method in 26 cases, 16 males 
and 10 females. The average age of the patients 
was sixty-five years. There was no operative 
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mortality. Of the male patients 2 died within 
the first year and 3 within the second year. All 
the females are still living one after more than 
three and a half years.— Audrey G. Morgan. 


DEN Hoep, D., Houwen, J., and Kwigser, M. 
The “supervoltage” roentgen installation in 
the Antoni van Leeuwenhoekhuis at Amster- 
dam. II. Physical measurements. Acta radiol., 
1940, 2/, 583-590. 

An article in Acta radiol., No. 1, 1940, de- 
scribed the supervoltage apparatus recently in- 
stalled in the Antoni van Leeuwenhoekhuis at 
Amsterdam. It was found that the half-value of 
rays generated at 825 kv. and filtered through 
0.§ mm. tin, 2 mm. copper and 0.5 mm. alumi- 
num is §.9 mm. copper. A pressedwood phan- 
tom was used to determine the backscatter with 
different sizes of field and it was found to be 
much less than with 200 kv. and a filter of 0.5 
mm. copper and 1 mm. aluminum. 

A further discussion of isodose curves is given 
in this article. They were determined for differ- 
ent fields and compared with those obtained 
with 200 kv. The deep dose curves were flatter 
with supervoltage radiation than with 200 kv. 
The intensity was less in the superficial layers, 
but in the deeper layers the harder radiation was 
of better quality; at a depth of even Io cm. 
there was a relative gain of 7 to 1§ per cent. At 
a depth of 10 cm. the gain was greatest in the 
largest field. At a depth of more than 10 cm., 
however, the gain was greatest in the smaller 
fields. Stone and Aebersold express this phe- 
nomenon as follows: ‘““The ratio between the 
depth doses of the two types of radiation at var- 
ious levels increases as the depth increases and 
as the size of the field decreases.” The authors’ 
measurements, however, confirmed this state- 
ment only with regard to depths of more than 
10 cm. 

The beam can be kept quite sharp in a phan- 
tom because the side-scatter is slight. Illustra- 
tions of the method and tables of the results are 
given.—Audrey G. Morgan. 


DEN Hoep, D., and Sroet, G. The “‘supervolt- 
age” roentgen installation in the Antoni van 
Leeuwenhoekhuis at Amsterdam. III. The 
action of ultra-hard roentgen rays on Dro- 
sophila eggs. Acta radiol., 1940, 27, §91-596. 


The first biological experiment made with the 
supervoltage apparatus mentioned in the title 
was to test its effect on Drosophila eggs. A large 
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number of eggs were irradiated and many tests 
made in order to get a curve that showed the 
action of these supervoltage rays as compared 
with those of lower voltage. With this appara- 
tus the rays are generated at 825 kv. with a fil- 
tration of 0.§ mm. Sn, 2 mm. Cu and 0.5 mm, 
Al, and a comparison is made with rays gen- 
erated at 180 kv. with a filter of 0.5 mm. Cu and 
1 mm. Al. The curves for the two voltages are 
given. The destructive action of the 825 kv. rays 
was only about 70 per cent as great as that of 
the 180 kv. rays. 

So far no explanation of this fact has been 
found. It is quite possible that it may lie in er- 
rors of dosimetry. The problem of standardizing 
ultra-hard rays has not yet been solved satis- 
factorily.— Audrey G. Morgan. 


Ewatp, O. Das Hochvoltanlage des Heidel- 
berger Samariterhauses; Messergebnisse und 
Ausblick auf die praktische Arbeit mit 400 
kv. (The high voltage apparatus of the Hei- 
delberg Samariterhaus; results of measure- 
ments and review of the practical work with 
400 kilovolts.) Strahlentherapie, 1940, 67, 
553-583. 

For a long time there was a great deal of dis- 
cussion as to whether cells were affected by the 
quality of roentgen rays or only by the quan- 
tity. Holfelder in his ‘Foundations of Modern 
Roentgen Therapy” came to the conclusion 
that only quantity is important and that it is 
not important to increase tension above the or- 
dinary 200 kv. Later work, however, seems to 
show that higher tensions produce better re- 
sults. v. Schubert has concluded that the best 
biological effects are obtained with goo kv. 

The first apparatus for producing roentgen 
rays that approximated gamma radium rays in 
their action was constructed at the California 
Institute of Technology, using tensions up to 
1,000 kv. 

The author describes and illustrates the ap- 
paratus now in use at the Samariterhaus in Hei- 
delberg which works with a tension of 400 kv. 
Protective measures have been devised which 
are sufficient to prevent any injury either to pa- 
tient or personnel even at 400 kv. Only one- 
tenth of the permissible dose of 0.2 r is reached. 
The scatter around the tube axis is considerably 
higher than it has been with former methods. 
The marginal irradiation of the fields is not dis- 
torted by the lead diaphragms, as it was as- 
sumed it would be, but the fields have abso- 
lutely sharp outlines. The intensity, even with 
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large fields, decreases only a very little toward 
the margins. 

A new method is described of measuring the 
deep dose by the use of small spherical condens- 
ing chambers with the condiometer. These 
measurements are more accurate than those 
with the Hammer dosimeter. The advantage of 
the high tension method is that larger deep 
doses can be given with less scatter and less in- 
jury to the skin. The percentage deep dose 
measured on the patients themselves is quite 
different from that determined physically on 
the water phantom. 

The 400 kv. apparatus gives decidedly better 
results in the treatment of blood diseases than 
former methods. With an experience of only 
three and a half years it is hard to give a definite 
report on the results in malignant tumors. 
Audrey G. Morgan. 


STEEL, Davip. Two years’ experience with 400 
kv. constant potential deep therapy. Radiol- 
ogy, Feb., 1940, 34, 187-192. 

The author describes the 400 kv. constant po- 
tential deep therapy machine that he has been 
using for the past two years at St. John’s Hos- 
pital, Cleveland, Ohio. All patients treated with 
high voltage have been given small daily doses 
over a long period of time. The daily dose is sel- 
dom over 140 r to any one field. The majority of 
his cases have been in very advanced stages of 
the disease. He describes 4 cases in detail, car- 
cinoma of the rectum, bladder, cervix and 
breast, as showing the excellent results obtained. 
He does not claim that all similar cases will re- 
act as well. It will take time to show the true 
value of 400 kv. therapy. Properly given the 
method is radical and must be considered so. 
And until its value is more firmly established 
conservatism must be the watchword. But from 
his two years’ experience he feels justified in 
saying that treatment with higher voltage and 
heavier filtration resulting in shorter wave 
length when used by the protracted method is a 
great advance in radiotherapy.—Audrey G. 
Morgan. 


Lucas, CHARLEs DeForest. The therapeutic 
and economic indications for teleradium and 
the supervoltage x-ray machine. Radiology, 
Feb., 1940, 74, 193-199. 

Enormous amounts of money have been 
spent in recent years in installing supervoltage 
roentgen-ray machines and accumulating ra- 
dium element packs. The author discusses the 
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qualities of rays furnished by a 200 kv. machine, 
a 700 kv. machine and a radium element pack 
with reference to depth dosage, selective action 
on cells and the production of threshold ery- 
thema. It has not been proved that the short 
wave roentgen ray or the gamma radium ray 
has any selective action on tumor cells. A chart 
is given showing the depth dosage curves for the 
three qualities of rays and it is found that there 
is little difference in the depth dosage furnished 
by the three. Tables are also given showing the 
number of machines required for carrying out 
the cancer control problem and their compara- 
tive cost. The conclusion is drawn that the 
problem of cancer control is not particularly 
furthered by the use of supervoltage radiation 
or radium element packs and that the cost is in- 
creased enormously. Treatment with 200 kv. 
radiation is probably the best form of treatment 
and by far the most economical.—Audrey G. 
Morgan. 


SCHINDLER, RICHARD. Principles of a new ther- 
apy with high speed electrons. Radiology, 
Feb., 1940, 374, 222-234. 


The therapeutic possibilities of electromag- 
netic wave irradiations such as ultraviolet, 
roentgen rays and radium, have been thor- 
oughly investigated. But little attention has 
been given to the corpuscular rays. These are 
now being studied in the form of high speed elec- 
trons. An apparatus for producing high speed 
electrons is described and illustrated. 

High speed electrons offer certain advantages 
over roentgen rays in the treatment of deep- 
seated lesions. They act more intensely in the 
depths than at the surface, while with roentgen 
rays it is hard to give the necessary depth dose 
without injuring the overlying tissues. Much 
higher physical and biological intensities can be 
attained with high speed electrons than with 
roentgen rays in a given unit of time. High 
speed electrons have a definite range while 
roentgen rays have not. Therefore it is possible 
to localize the action of the electrons in a well- 
defined zone. 

With high speed electrons tumors can be 
treated that are inaccessible to the action of 
roentgen rays, such as tumors of the rectum and 
throat. Radioresistant tumors can be treated. 
Doses can be given to the tumor larger than 
those given to the surrounding tissues. Electrons 
will not cause irradiation sickness because of 
their short range. Glocker, the well-known 
roentgen-ray scientist, said at the International 
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Congress at Ziirich that he believed that treat- 
ment with high speed electrons would be the 
treatment of the future.— Audrey G. Morgan. 


Levitr, WALTER M. Treatment of lymphade- 
noma and certain malignant growths with x- 
ray baths. Lancet, Feb. 3, 1940, 7, 212-215. 


Observations are recorded relative to the re- 
sults of treatment of 202 cases of reticulosis neo- 
plasm (other than reticulosarcoma and the leu- 
kemias) treated mainly at St. Bartholomew’s 
Hospital between the years 1929 and 1939. The 
regimen of treatment was the “regional x-ray 
bath,” a modification of whole body irradiation 
as proposed by Holzknecht in 1905. The objec- 
tion to general body irradiation is that a suffi- 
cient dosage, as far as the neoplasm is concerned, 
is excessive as far as the normal tissues are con- 
cerned. For this reason, the author has given his 
treatments as baths confined either to the chest, 
the abdomen or to the chest and abdomen—but 
protecting the extremities. 

Repeated blood counts were obtained for in- 
dications as to dangerous limits (these counts 
being made at three day intervals in most cases). 
During the earlier years, the kilovoltage used 
was 180, with a filter of 0.5 mm. Cu. Later, 200 
kv. with a Thoraeus filter was used. The focal- 
skin distance varied from 60 to 140 cm. Four 
oblique fields were used, the body being pro- 
tected above and below the required levels by 
lead. 

For the thorax, 35 r to one field constituted 
the first treatment. The fields were alternated 
and the dosage increased until 200 r was given 
(through the large field) as a dose. In the ab- 
sence of contraindications, these treatments 
were continued until as much as 1,000 r had 
been applied to each field (over a period of one 
month). 

Abdominal baths were given in a similar man- 
ner, covering the limits from the level of the 
ensiform to inclusion of the inguinal glands. The 
initial treatment consisted of 25 r and the peak 
daily dosage, 150 r, but the same total—1,000 r 
per field, was attained. 

Trunk baths included the field from the man- 
dible to below the inguinal glands (equal to a 
combination of the other two fields). Treatment 
was begun with a dosage of 20 r and a maximum 
daily dosage of 125 r was the rule. The total dos- 
age was about 600 to 750 r to each field, though 
in about half of these cases, treatments had to 
be interrupted. 
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Some of the indications which served to inter- 
rupt treatments were: reduction of the leuko- 
cyte count to 1,200 or less; reduction of the 
mononuclears to 200 or less per cu. mm. 
(though recoveries did occur even though the 
leukocytes fell to 500 and the lymphocytes dis- 
appeared entirely from the blood stream); 
bleeding gums, petechiae, etc. Sore throats were 
regarded with suspicion. 

In 2 cases death was attributed to the roent- 
gen irradiation—terminal symptoms including 
an agranulocytic angina and ulcerative pharyn- 
gitis, purpura and subcutaneous hemorrhages. 

In several cases, thoracic and abdominal 
baths were repeated after several months and 
the follow-up dosages were well tolerated. Steri- 
lization inevitably resulted in the abdominal 
and trunk cases. 

Symptoms were relieved in practically all 
cases. Those showing a Pel-Ebstein fever (asso- 
ciated with abdominal deposits) showed spec- 
tacular response. Of the lymphadenoma group 
(103), 2 lived for seven years; 61, for five years. 
Of the lymphosarcoma group, 2 of a possible 7 
survived five years. Of 8 cases of cancer of the 
testis, 4 have survived for five years. 

The author is now using this type of treat- 
ment on cases of Ewing’s sarcoma.—. A. de 
Lorimier. 


Benper, M., and Kouter, A. Uber Messungen 
bei der Pendelbestrahlung. (Measurements in 
pendulum irradiation.) Strahlentherapie, 1940, 
67, 669-692. 


The authors discuss a previous article (S/rah- 
lentherapie, 1939, 65, 468) in which they re- 
ported experience with a roentgen tube that 
swings over the patient like a pendulum during 
the exposure. In this article they report further 
on that work. They give graphs showing the 
deep dose as influenced by the size and shape of 
the field, the angle of the pendulum and there- 
fore the time of its swing, the position of the 
center of the pendulum and the distance of the 
focus from the skin. They also discuss the scat- 
tered radiation which in this form of treatment 
may reach a given point on the body before the 
direct radiation does. 

From the results shown in these graphs they 
find that it is not always necessary to work with 
the best physical conditions in order to get the 
best medical results. By varying the factors dis- 
cussed above—size and shape of field, angle of 
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the pendulum, position of the center of the pen- 
dulum and the focus-skin distance—the most 
favorable conditions for the best biological ac- 
tion of the rays can be very closely approxi- 
mated. Many irregularities in the distribution 
of dosage can be compensated in this way and 
very good results obtained.— Audrey G. Morgan. 


Hanp.ey, W. Sampson. Improved outlook in x- 
ray carcinoma. Lancet, June 22, 1940, 7, 1122. 


Following the first manifestations of a roent- 
gen-ray carcinoma, the latent period prior to 
evidence of extension 1s so prolonged that the 
author recommends removal of regional lym- 
phatics, without delay, in order to “cut the 
main line of dissemination in an early stage.” 
Previously, the author reported the handling of 
2 such cases among radiologists. This report 
deals with 5 additional cases, including a manu- 
facturer of roentgenologic equipment, a radiog- 
rapher, a surgeon, a radiologist and a radium 
technician...4. 4. de Lorimier. 


MISCELLANEOUS 


Renpicu, RicHarp A., and Harrinctron, LEo 
A. Why the film size? Radiology, May, 1940, 
345 530-540. 

Apparently the size of the films now being 
manufactured for purposes of roentgen exami- 
nation are based on nothing more logical than 
the standard sizes that have been used for gen- 
erations in ordinary photography. The authors 
give measurements of various parts of the body, 
the chest, colon, kidney, skull, pelvis, etc., 
which show that these sizes are not well adapted 
to the anatomical size of the parts. For instance 
colon films are too short, chest films too long 
and urologic films too wide. The present sizes 
are not at all well adapted to making roentgeno- 
grams of the skull, long bones, etc. 

The suggestion is made that the technical 
committees of the national roentgen societies 
should adopt a film standardization program in 
order to secure films large enough to make a 
roentgenogram of the whole of any part to be 
examined and of the right dimensions to avoid 
wastage. dudrey G. Morgan. 


WHEELER, Dicsy, and Spencer, E. W. Simpli- 
fied planigraphy. Radiology, April, 1940, 34, 
499-§02. 

Planigraphy is a method by which any de- 
sired plane of the patient’s body can be shown 
on the film. It is also called stratigraphy and 
tomography. It is accomplished by moving the 
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tube and film during the exposure in such a way 
that the images of all objects in the selected 
plane occupy the same position on the film 
while the images of all objects above or below 
this plane are blurred. Twining developed an 
attachment for the Potter-Bucky table that 
made this possible. The authors’ apparatus is a 
modification of Twining’s. It is illustrated, its 
method of use described and the mathematical 
principles involved are discussed. The authors 
believe their apparatus fulfills all the 6 require- 
ments laid down by Grossmann for successful 
planigraphy.— Audrey G. Morgan. 


KAUFMAN, JuLIus, and Koster, Harry. Serial 
planeography (serioscopy) and serial planig- 
raphy. Radiology, May, 1940, 34, 626-629. 


Planigraphy is a method of obtaining a roent- 
gen film of any given plane in the body or object 
to be examined. By the method of planeography 
introduced by the authors in August, 1936, all 
of the planes of the object could be demon- 
strated and the depth of the planes determined 
by reference to a specially constructed curve, 
the standard depth curve. The planes could be 
localized and measured and by correcting the 
displacement and enlargement of the planeo- 
gram the object itself could be reconstructed. 

Cottenot in 1937 described a method which 
he called thoracic serioscopy which uses the 
same basic principles as those of the authors’ 
planeography. He says that the depth between 
the planes may be measured but the authors 
do not believe these measurements have any 
real value. 

The authors analyze the limitations of serial 
planeography and suggest methods for over- 
coming them. The limitations of serial planeog- 
raphy apply to serial planigraphy also.—Au- 
drey G. Morgan. 


EssENBERG, J. M., and Karrascu, RAcpH J. 
An experimental study of the effects of roent- 
gen rays on the gonads of the sexually mature 
domestic fowl. Radiology, March, 1940, 34, 
358-365. 


The authors have previously studied the ef- 
fects of roentgen rays on the gonads of embryos 
and young chicks. In this article they study the 
effects on those of mature fowls. They irradiated 
61 fowls and used Io as controls. Of the irradi- 
ated fowls 35 were roosters and 26 hens. Twenty- 
two of the males were given a single dose of 
1,276 to 2,816 r; 13 were given three cumulative 
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doses with a total dosage of 1,800 to 4,200 r. 
Twenty of the hens were given a single dose of 
400 to 2,176 r and 6 of them given three cumu- 
lative doses with a total of 1,800 to 4,200 r. The 
roosters given a single dose were killed one week 
after irradiation; all the other fowls were killed 
three weeks after irradiation. The results were 
practically the same as those in the experiments 
reported previously. 

Injury of the seminiferous epithelium began 
with a dose of 1,276 r and destruction was com- 
plete at 2,400 to 2,800 r. The primary sperma- 
tocytes were injured first, followed by the 
secondary spermatocytes, spermatids, sperma- 
togonia and Sertoli cells. The injury of the 
seminiferous tubules was greatest at the levels 
where cell proliferation was most active. 

Injury of the ovarian follicle began at 400 r, 
the follicles disintegrated at 800 r and were 
completely destroyed at 1,800 to 2,200 r. Injury 
to the germinal epithelium began at 400 r and 
destruction was complete at 1,200 r. Cyclical 
activity on the part of the germinal epithelium 
is proved by the fact that areas of total destruc- 
tion and areas of cellular proliferation existed 
at the same time in the same irradiated ovary. 

Both the ovaries and testes showed habitua- 
tion to the action of cumulative doses of roent- 
gen rays. Hyperplasia of fibrous connective tis- 
sue was seen in the walls of small arteries of the 
ovaries and testes, in the medullary stroma of 
the ovaries and in the tunica albuginea of the 
testes. The rays did not cause any demonstrable 
changes in the interstitial tissue of the gonads of 
either sex. 

Brown melanin-like pigment granules were 
found in both ovaries and testes and it seems 
probable that they were produced by the action 
of the rays. 

The gonads of birds seem to be more resistant 
to the action of roentgen rays than the gonads 
of mammals. There was a great deal of variation 
in the individual fowls.—Audrey G. Morgan. 


Branson, HERMAN, and Kersten, H. The dif- 
ferential action of x-rays on the anterior and 
posterior regions of Tubifex tubifex. Radiol- 
ogy, Feb., 1940, 74, 200-204. 

Experiments are described in the irradiation 
of Tubifex tubifex with an intense collimated 
beam of soft roentgen rays. When these animals 
are separated with a knife anywhere back of the 
tenth somite, regeneration of the posterior part 
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occurs but no regeneration occurs when they 
are separated by roentgen irradiation. When 
the anterior tip or the heart region is irradiated 
the chief change is the formation of tuberosities 
at the site of irradiation and disintegration pro- 
gressing away from the site of irradiation. When 
the middle section is irradiated the chief change 
in the abnormal animals which survive is that 
they break apart; sometimes both parts sur- 
vive, sometimes one dies, generally the poste- 
rior part. 

The animals may be killed by irradiating the 
whole body. When the dose of roentgen rays 
was too small to kill all the animals the surviv- 
ing ones showed either no change at all or the 
death of the posterior part only. 

The posterior part of the animals is evidently 
the most sensitive to irradiation. This is prob- 
ably in accordance with the law of Bergonié and 
Tribondeau that roentgen rays act most in- 
tensely on cells whose reproductive activity is 
greater, whose metabolism rate is higher and 
those whose morphology and function are less 
definitely fixed.—_Audrey G. Morgan. 


Ricuarps, Oscar W. Yeast growth: a possible 
test growth for x-radiation. Radiology, March, 
1940, 34, 317-326. 

The author describes experiments made to 
determine whether yeast is a suitable test ob- 
ject for the effect of irradiation with roentgen 
rays. He used a pure strain of Saccharomyces 
cerevisiae and irradiated with from 9,500 to 
28,500 r at 70kv. and with 200 to 38,000 r at 200 
kv. under established conditions for the growth 
of yeast. The increase in the number of cells per 
unit volume of culture is retarded by the roent- 
gen rays. Recovery takes place gradually and 
the irradiated cultures reach about the same 
equilibrium growth at the end of the growth 
cycles as that of the controls. A number of cri- 
teria of growth should be used to give reliable 
results, such as the increase in the number of 
cells in a unit volume of culture medium, the 
optical density, the percentage of buds and the 
percentage of cells stained with methylene blue. 

It is believed that with a pure strain of yeast 
grown under the proper conditions yeast will 
be a useful test organism for the analysis of the 
effects of larger amounts of radiation and that 
the method described here will be of value in 
experimental biology and 
G. Morgan. 


oo 
| 
| 
| 
4 
| 
| 
| 
| 
= 
per 
a 


